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lication of the Ph:loſophical T. ranſactions, take this opportunity to 
5 acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations which have 
been made in ſeveral former Tranſactiont, that the printing of them was 
always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty - ſeventh Volume: the Society, as a Body, never intereſting them- 
ſelves any further in their publication, than by occaſionally recommending 
1 the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of their affairs, the Tranſaction: had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to fatisfy the Public, that their uſual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firſt inſtitution by the Royal Charters, 
and which they hare ever ſince ſteadily purſued. 
-But the Society being of late years greatly inlarged, and their com- 
munications more numerous, it was thought adviſable, that a Committee 
of their members ſhould be appointed to reconſider the papers read be- 
fore them, and ſelect out of them-ſuch, as they ſhould judge moſt pro- 
per for publication in the future Tranſadions ; which was accordingly 
done upon the 26th of March 1 1752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 
contained in the ſeveral papers ſo publiſhed, which muſt ſtill * on a the 
credit or Judgment of their reſpective authors. 
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on this occaſion to wand, that i is an efta- 
| dliſhed 2-4 of the Society, to which they will always adhere, never to 
Sire their opinion, as a Body, upon any ſubject, either of Nature or Art, 
that comes before them. And therefore the thanks, which are 5 | 
quently propoſed from the chair to be given to the authors of fuch 
pers as are read at their accuſtomed theetings, or to the perſons — 
whoſe hands they receive them, are to be conſidered in no other light 
than as 3 matter of civility, i in return for the reipect ſhewn to the Society 
by thoſe communications. The like alſo is to be ſaid with regard to 
5 the ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society; ; the authors whereof, or thoſe whe 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news- papers, that they have met with the higheſt applauſe 

55 and approbation. And therefore i it is hoped, that no regard will here- 
after be Paid to ſuch reports, and public notices ; which in fome inſtances 
5 bave been too lightly ceded, to the diſhonour of the Society. 
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r Oe on the Graduation f rens 5 e i. 

with. an Explanation of the Method invented by the late 
% Mr. Henry Hindley, of York, Clock-maker, to divide Circles 
into any given Number of Parts. By Mr. John Smditon, 
F. R. S.; communicated by Henry Cavendiſh, Efg. F. R. S. 
| and S. A. 5 Page 1. 
5 F. A Series of Obſervations on, and a Di Mſeovery of, the Period 
of the Variation of the Light of the Star marked & by Bayer, near 
- tbe Head of Cepheus. In a Letter from John Goodricke, 
Ex. to "mow Fen, D. . F. R. S. and Aſtronomer 
ä „ 
| III. M e E periments ond ohe B By Mr. Tiberius 
Cavallo, F. R. 8s. p. 62 
W. On Infinite Series. By Edward Waring, M. D. F. R. S. 
Lucaſian Profeſſor of \ Mathematics at Cambridge. p- 81 

: v. Ks -46egg} on Hepatic Air. By en Kirwan, E/. 
VI. Obſervation on the Afrnitie f PETTY in Spirit of Wine. 
ts a Letter to Richard Kirwan, E/. F. R. S. by John 
Elliot, M. D. p 155 
2 . VII. 


= * 45 Account of 4 Subfidence. of | the Ground near Folkſtone, 


„ — n 0 
3 jr e n 


vit An Ace 'of es minute FE SE either mt 45 : 
'  obſerveg, or Totally unnoticed by Authors. In 4 Letter to 
FR Sir Joſeph Banks, Bart. H. R. S. N Rev. * 2 
N AF R. S GER # 7. 4 
VII. ObſeFvetions on Be Sulphur W ells at 46 made in 
2 July and Auguſt, 178 5. By the Right Reverend Richard 
Tord Biſhop of Landaff, F. R. S. p. 171 
M. Obſervations and Remarks on thaſe Stars which the Aftrone- 
9 Century fuſpected io be changeable. By Edward 
Fight EJq- acm unitated by Sir Tandy C. Englefield, 
Bart. F. R. S. ang A. S. p. 189 


on the Coaſt of Kent. In a Letter from the Rev. John Lyon, 
. A. to Edward King, Efg. F. R. S. and A. F. Comm 
nate iy Mr. King in a Letter to Cbarles Blagden, M. 
Sec. R. 8 22 with Remarks. | p- 220 
Xt. Particulars relative to the N. ature * Cuſtoms of the 1 ndians 
F North» America. By Mr. Richard Me Cauſland, Surge 
to the King's or Eighth Regiment of For. 1 ommunicated » 
res Planta, Eff. Sec. R. S. p. 229 
XII. Abſtrat of a Reg Mer of the Barometer, 8 and 
Rain at Lyndon in Rutland, in 178 5. By Thomas Barker, 
E,. © Alſo of the, Rain at South Lambeth, in Surrey; and at 
> Gallbonen and Fyfield, . Communicated by Thomas 
- White, £fg. F. R. S. Pp. 236 
XIII. An Account of Experiments 1 by 7 Mr. John M* Nab, ar 
Henley-Houſe, Hudſon's Bay, relating to freezing Miæxtures. 
By Henry Cavendiſh, Ef. F. R. S. and A. S. Pi. 241 
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refident and Council of the Society adjudged, 
for the Year 1785, the Medal on Sir GoprzRZ CorLey's 
Donation, to Major-General WII IAV Roy, 1 


furement of a Baſe on Hounſlow-Heath.—@ 
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His * Sorted Majeſty CHRIST I — N vi. N 


King of 
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DENMARk. 


His Royal Highneſs WILL. HEN RY Duke of Geoveitevii 


His molt} erene Highnef: CHARLES THEODORE- Elector Palatine 
Duke of Bavaria. © 
His moſt Sele Highneſs CHRISTIAN FRED. CHARLES ALEX. 


Margrave of Br anpeEnBuRG AnsPaAcn and BayYREUTH. 


His moſt Serene Highneſs CHARLES WILLIAM F ERDINAND 
Duke of Brxunswick. 


His moſt Serene Highneſs CHARLES Margrave of Bavzx.. 
His moſt Serene Hisbneß PET E R Duke of OVAL AS: 


THE PRESENT COUNCIL. 


O_—_—_ 


Sir josꝝ PH Banks, Br. a 


F. A. S. Truſt. Br. Muf. Ac. Inp. Petrop. 
R. Holm. Madrit. Neapolit. Boicæ et Palat. Soc. 


Traject. 5 v. Medic et Oecon. Pari. Patriot 


R. Medic. Edinb, Soc: 1225 Honor. 


Welbore Ellis Agar, Eiq. Comm: iſomer | F 


of the Cuſtoms, 


Charles Blagden, M. D. Sec. Phyfici cian | 


to the Arny, F. A. S. 4c. Eid. Palar. 
Socius, R. Scient. H ariſ. Correſp. 


Charles Burney, Muſ. D. 
Henry Cavendiſh, Eſq. F. A. S. 
Truſt. Br. Muf. 


Right Hon. Charles Greville, M. P. 


Sec. Rotterd, Soc. 


William Herſchel, LE D. Soc. R. Gotting. et 
Americ. Acad, Deans, Soc. 
Ibe Rev. Andrew Kippis, D. D. F. A. 8. 
he Rey Harles Peter Lau ard M 


| TheRev. N evil Maſkelyne, D.D. Aft Roy. 


| ConSTANTINE JOHN Lord Morckavx, , 
KR. Goltins. Hafn. Lund. Gothob. Gedan. Rotterd. | 


Sir William Muſgrave, Bt. V. P. F. A. 8. 


M.eaiolan. et Nat. Scrutat. Berolin. Socius, et Coll. 


Sir William Watſon, Knt. V.P. Tr. 
| William 2 Watſon, M. D. 


Acad. Imp. Petrop. Soc. R. Upſal. & Gatting. Soc. 


V. P. F. A. S. M. P. 


One of the Commiſſioners for a” 


the Public Accounts, Truft. Br. Mop. 


Wilkam: Pitcairn, M. D. 
joſ. F lanta, Eſq. Sec. Soc. Antiqu. Caſe. Sad. 
CHARLES Duke of Richuoxp, K. G. 


| CHarLEs Earl STANHOPE, Soc. Americ. Sc. 


John Topham, Eſq. F. A. S. 

Jobn Turton, M. D. Ph feier extraordi- 
nary to his Majeſty, Phyfee cian to ber 
Majeſty, Soc. R. Med. Parif. Soc. . 


Br. Muf. Acad. R. Madrit. Soc. 
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The 


; Hon. Daines 


_ David 
Henry 


Bernardo 
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Robert Shs Eſq. F.A. 8. 


John Willett Adye, 25 F. A. 8 
EDpwarp Earl of Al DBZOoROVOR, A. 8 


Barnard Chriſtian Anker, was See. K. 
Scͤcient. Norveg. Soc. 
John Arbuthnot, Eſq. 


GHARLES GEORGE Lord IA A. S. 
M. P. 
Eſq. 


Aſhby, 


Jonx Duke of ArROIL. 
Atwood, Eſq. 
Aubert, Eſq. F. A. S. 


Alexander 


HenzaGe Earl of AYLESFORD, F. A.S. 


John - Bagnall, Eſq. 

Sir George Baker, Bart. F. A. S. Phy- 
 fician to ber Majeſty, Preſ. R. Coll. Phy/. 
Truſt; Br. Muf. Sac. R. Med. Pariſ. Sc. 

ev. Roger Baldwin, M. A. 

— Bancroft, M. B. 


Edward 


LEWIS Count of BARBITIANO and BEI 


_ 6101050, of the Holy Roman Empire. 
Sir Robert Barker, Bart.- 
Barrington, F. A. S. 
Caartes Moss, Lord Biſhop of 
Barn and WELLS. 
Bayford, M. D. 
Thomas Butterworth Bayley, Eſq. 
Heaufoy, Eſq. M. P. 
The Rev.Oſmund Beauvoir, D.D.F.A. 8. 
de Beluga, LL. D. 
Rich. H. Alex. Bennet, Eſq. F. A. S. 


Gilbert Blane, M. D. Phyſician {0 his R. 


H. the Prince of Wales's Houſhold. 
Benjamin Booth, Eſq. 


Joan Lord BokinGDoN. 


Boulton, Eſq. 
Thomas Bowdler, Eſq. F. A. S. 
Daniel Braithwaite, Eſq. F. A. S. 
Thomas Brand Hollis, Eſq. F. A. S. 
Ac. Amer. Soc. | 
Guſtavus Brander, Eſq. F. A. S. 


Truſt. Br. Muf. Soc. Phyſ. Gedan. Soc. 
Joan Earl of BxEADALBANE. 
Owen Saluſbury Brereton, Eſq. F.A.S. 
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| Fxzpexrc Earl of Bio, Lord 
J - ON Pon... - 
Richard Brockleſby, M. D. Phyſician to 
John Anderſon, M. A. Pref. Nat. Phil Glaſg. 


John 


| Wade Toby 


Richard Wilbrabam Bootle, Eſq. M.P. | 
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| the Army. 
| Auguſtus 


Brouſſonet, M. D. .. K. 


Oecon. Pariſ. Scr. 


William Brown, Eſq. 
Iſaac Hawkins Browne, Eſq. M. P. 


BROwWNLO Ww Lord BxowNLow, F. A. 8. 


William Brownrigg, M. D. 
James Bruce, Eſq. 
Patrick Brydone, Eſq. 


Davip Earl of Buchau. 


| Jonn Earl of BuckincyamsniRE. 


| Robert Burrow, Eg. 
George Buxton, M. D. 

| Lieut. Col. William Calderwood. 
John Call, Eq. M. P. F. A. 8. 


Peter Calvert, LL D. F. A. 8.ĩ Dean 


of the Arches. 
CHARLES Earl einen. 


the White, 


Peter Canvane, M. D. 
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Malta. 

FraxcisMarg. of CARMARTHEN, Secre- 
tary of State, F. A. S. Truft. Br. Muf. 
| Carnac, Eſq. F. A. S. 
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Caulfield, Eſq. 


| Marquis Charles de 7 
Sir William Chambers, 
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F. A. S. 


Mr. Richard Brown Cheſton. * 
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| Charles Combe, M. D. F. A. S. 
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Mr. John Lodge Cowley. 
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John Campbell, Eſq. Vice 4 of 
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the Polar Star, 3 
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Patrick George Craufurd, Eſq. 
Adair Crawford, M. D. Soc. Americ. Soc. 
Will. Cullen, M. D. Phyfcian to his Ma- 


jeſty, Prof. Med. Edinb. Soc. R. Mad. Par. Sac. 


Dagge, Eq. - 
Lender Dalrymple, Eſq. F. 4.8. 
Ac. R. Sc. Holm. Soc. 
Mr. James Dargent, F. A. S. 


WILLIAM Earl of DARTMuOU TR. 
Eraſmus Darwin, M. D. 
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| Lieut. Col. Thomas W 


Philip D Auvergne, Elq- Captain in the | 
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Henry 
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The Rev. Lewis Dutens, M. A. 


Ac. R. Inſer. et Hum Lit. Parif. Soc. 
The Rev. Philip Duval, D. D. F. A. 8. 
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with an Explanation of the Method invented by the late Mr. 
Henry Hindley, of York, Clock-maker, to divide Circles 


into any given Number of Parts. By Mr. John Smeaton, 8 
F. R. S.; communicated by Henry Cavendiſh, Eft. F. R. 8. ; 


and S. A. 


| Read November 17, 1785. 8. 


JERHAPS : no part of the ſcience of Mechanics has 3 
cultivated by the ingenious with more aſſiduity, or more 


deſervedly ſo, than the art of dividing Circles for the purpoſe 
of Aſtronomy and Navigation. It is ſaid, that Tycao Bu aun 
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their own . and though 122 rewards have at length 


truſt it will | be thought, that if any thing relative to this 
buſineſs remains yet behind, that may tend to furniſh the 


eſſentially different from any thing that (ſo far as I know) the 


worked upon by ingenious men, it 13 not poſlible to oy 
what valuable purpoſes it may be converted. 


time. 2 


Arument- maker in dividing, graving, or numbering the diviſions, 
for the ſame ſcrew makes it from end to end; yet he has given us 


. . PR — 
— 
# 
- 


reer * 7 i 
t of. their inſtruments with Re 


brought" forth different methods of dividing from our beſt 
; which _ have. been communicated to the Public z yet I 


ingenious artiſts, who are cultivating this field, with any new 
or curious idea upon the ſubject, it will be well worth communis 
cating to this learned Society: fince, if an hint, which is 


Public is in poſſeſſion, of, be once ſtarted, and is purſued and 


This, perhaps, will better appear by taking a ſhort review | 


of the labours of others, from the time of Tycho BRAHE 


and HxvxLrus (who did not uſe teleſcopic * to the preſent 


The very learned, ingenious, and inventive Dr. Hoox, in 


his Animadverſions on the Machina Cele eftis of HeveL1vs, 
publiſhed in the year 1674, has given us an elaborate deſcrip- 


tion of a quadrant, whoſe diviſions were formed, and after- 


wards read off, by means of an endleſs ſcrew, working upon 
the outermoſt border of the limb of a quadrant; which, he 


ſays, does not at all depend upon the care and diligence of the in- 


no account of any particular care or caution that he uſed, in 
preventing the ſame ſcrew from making larger or ſmaller paces, 
in conſequence of unequal reſiſtance, from a different hardneſs 
of the metal in different parts of the limb; nor any method of 
correcting or checking the ſame; nor of making a ſcrew, the 
angle 
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| Graduatioi of — In wang 


angle of whoſe threads with the axis ſhall be equal in every pan | 
of the circumference ;: therefore the whole of this buſineſs (in 
which accurate mechan jts well know conſiſts the whole of the 
difficulty) he refers to the ingenious workman; and, in particular, 
to the then celebrated Mr. Tomr1on, whom, he ſays, he em- 
ployed to make his inſtrument, and who had thereby ſeen and 
: experienced the d ificulties that do occur therein: but was any in- 
genious workman now to purſue the directions of Dr. Hoot, 
ſo far as his communication thereof extends, we may con- 
clude, that he would make a very inaccurate piece of work, 
far inferior in performance to what the Doctor ſeems to expect 
from it *. But yet, I believe, it was the firft attempt to apply 
the endleſs ſcrew and wheel, or arch, to the purpoſe of form- 
ing diviſions for aſtronomical inſtruments; for, the Doctor ſays 
himſelf, the perfection of this inſtrument is the way of making 
the diviſions ; that it excels all the common ways of divifion: © 
and in the table of contents it is en An — of the 

f new Way of divi di viding. 

This method, however, of Dr. Hoo": s was not laid afide 
without a very full and ſufficient trial : for Mr. Fl ANMsrRRD, 
in the Prolegomena of the third volume of Hiſtoria Celeftis, in- 

forms us, that he contrived the ſextant, wlierewith his obſer- 

vations were chiefly made, from his entrance into the Royal 

Obſervatory in the year 1676 to the year 1689. This ſextant was 

firſt made of wood, and afterwards of iron, with a braſs limb 

of two inches broad, by Mr. Tow1on, at the expence of Sir 

Jonas Moore ; the radius thereof was 6 feet 91 inches; it 

was furniſhed with an endleſs ſcrew upon its limb of 17 


* This was indeed verified in an attempt upon the ſame plan by the Due Dx 
CHAULNES, publiſhed in a Memoir of the N Academy of Sciences at Paris, 
for the year 1765 Gs 


B 2 threads. 
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_—_ _ ""_ Dax awox's j rOations 6 on — aL 
Ade zin an inch, and with yo fights “. or this ; in- 
ſtrumeut Mr. Fuamsrezd gives the figure at the latter end of 
his Prolkgomena before mentioned, ſufficiently large to ſee the 
general deſign; the whole being mounted upon. a * . i 
axis of 1 iron, of three inches diameter. 
Though, in the full deſcription .. of this Antennen Mr. 
| eee mentioned the Limb's being furniſhed with dia- 
gonal diviſſons, diſtinguiſhing the arch to 10 ſeconds ; yet it 
is pretty clear, that it had not theſe originally upon it; but 
that the dependance was wholly upon the ſcrew diviſions, 
when it came out of Mr. Touriox's hands. This one may 
reaſonably infer from the obſervations themſelves ; for the firſt 
obſervation, ſet down as taken with this inſtrument, being 
upon the 29th of October, 1676, it was not till the 11th of 
September, - 1677, that the column which contained the check 
angle by diagonal lines was filled up; and there was alſo a 
| ſpace of time, antecedent to that laſt mentioned, wherein no 
| obſervations are recorded as taken with this inſtrument, in 
which time the diagonal divifions might be put on; and this 
Will be put beyond a doubt, as he ſays expreſſly, that finding, 
in the year 1677, that the threads of the ſcrew had worn the 
border of the limb, he divided the limb into degrees himſelf, 
and drew a ſet of diagonal diviſions I; and then comparing the 
two ſets of diviſions together, he ſometimes found them to 
differ a whole minute; wherefore, for correction thereof, he 
conſtructed a new table for converſion of the revolutions and 
parts of the ſcrew into degrees, minutes, and ſeconds; and 
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| + Ibid. p. 106. Gradus in limbo deftribui ac diagonales duxi.” . 
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* which he applied in 9 Þ: Fae im N in i 7678 5 
notwithſtanding this correAtion, | in looking over the obſervations 
noted down as deduced each way, 1 frequently find a difference 
of halfa minute; not unfrequently 49” ; but in an obſervation 
of the moon, of the gth June, 1687, 1 find a difference of 55” *, 
which upon a radius of 6 feet 9 inches amounts to more than 
id part of an inch. I, 
In theyear 1689, Mr. FL AMSTEED compleated his poke) arc 
at GxEENWICH ; and, in the Prolegomena before- mentioned, he 
makes an ample acknowledgement of the particular affiſtance, 
care, and induſtry of Mr. ABzanam SHARP ; whom, in the 
month of Auguſt, 1688, he brought into the obſervatory, as 
his amanuenfis; and being, as Mr. FL. Arts r RR tells us, not 
only a very ſkilful mathematician, but exceedingly expert in 
mechanical operations +, he was principally employed in the 
conſtruction of the mural arc; which in the compaſs of fourteen 
months he finiſhed, ſo greatly to the fatisfation of Mr. FLAM- 
$TEED, that he ſpeaks of him i in the higheſt terms of praiſe 4. 
This celebrated Inſtrument, of which he alſo giyes the figure 
at the end of the Prolegomena, was of the radius of 6 feet 74 
inches; and, in like manner as the ſextant, was furniſhed both 


4 Vol. I. of Hiſt. Celeſt. p. x: ab - 
1 Qui mechanices perquam * pariter ac matheſeos „nme. roles . 
bomena, vol. III. p. 108. | 

T SyarPEivs ſervus meus fdelifimus, ac | anne quidem dotibus & facul« 
1 tatibus erat imbutus, quæ yr tam ſubtili & difficili operi obeundo idoneum 
« redderent.”” Prolegom. ibid. 

And on finiſhing the inſtrument, he ſays, Gradus deſcribuatur five nume- 
t rantur et exſculpantur, artificioſa manual opera dicti domini SHARP, qui limbum 
& partitus eſt, diagonales duxit, totumque organum abſolvit et perfecit : adeo 
« ut præſtantiſſimi quivis artifices poſtquam illud conſpexerunt et conſiderarunt, 
** ſe exactius id peragere non potuiſſe, agnoverint. Prolegom. p. 111. 
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we W700 and diagonal diviſions, all performed by the e 
Band of Mr. SAA. But yet, whoever compares the different 
parts of the table for converſion of the revolutions and parts of 
_ the ſcrew belonging to the mural arc into degrees minutes and 
. feconds ® , with each other, at the ſame diſtance from the zenith 
on different ſides ; and with their halves, quarters, &c. will 
find as notable a diſagreement of the ſcrew-work from the hand- 
diviſions, as had appeared before in the work of Mr. Tomeron : 
and hence we may conclude, that the method of Dr. Hook, 
being executed by two ſach maſterly hands as Tomyton and 
Saar, and found defective, is in alley not to be e 
f upon in nice matters. 55 
From the account of Mr. —— it appears alſo, that 
Mr. SHary obtained the zenith point of the inſtrument, or line 
of collimation, by obſervation of the zenith ſtars, with the face of 
the inſtrument- on the eaſt and on the weſt fide of the wall +: 
and that having made the index ſtronger (to prevent flexure) : 
than that of the ſextant, and thereby heavier, he contrived, by 
means of pullies and balancing weights, to relieve the hand that 
was to move it from a great part of its gravity r. 7 4 8 
have been the more particular relating to Mr. Su A Rr, in the 
buſineſs of conſtructing this mural arc ; not only becauſe we may 
ſuppoſe it the firſt good and valid inſtrument of the kind, but 
becauſe I look upon Mr. SHARP to have been the firſt perſon 
that cut accurate and delicate diviſions u pon aftronomical inftru- 
ments ; of which, independent of Mr. Fl. AMsT EE D's teſtimony, 
there ſtill remain conſiderable proofs: for, after leaving Mr. 
FLAMSTEED, and quitting the department above-mentioned , 


© Hiſt. Coœleſt. vol. I. Appendix. +: Prolegom. p. 109. 
f Mr. Suan continued in ſtrict correſpondence with Mr. FL AusTERD fo long 


ag he lived, as appeared by letters of Mr. FIAus TEE 's found after Mr. Suan“ 
death}; many of which I have ſeen, 1 
| e 
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wot Jetired into 2 vor Bfbire, to the village of Litil. Hortin, fear 
Bradford, where be ended his days about the year 1743; and 
where 1 have ſeen not only a large and very fine ealletac of 
mechanical tools (the'p ncipal ones being made with his own: 
hands), but alſo a great variety of ſcales and inſtrumęnts made 
therewith, both in wood and braſs, the diviſions whereof were 
o exquifite, as would not diſcredit the firſt artiſts of the preſent 
times: and 1 believe there is now remaining a quadrant, of four 
or five feet radius, framed of wood, but the limb covered with 
a braſs plate; ; the fubdiviſions being done by diagonals, the lines 
of which are as finely cut as thoſe upon the quadrants at Green- 
wich. The delicacy of Mr. Syare's hand will indeed perma- 
nently appear from the copper-plates in a quarto book, publiſhed: 
in the year 1718, intituled, Geometry improved by. A. Sharp, 
Pbilamath. whereof not only the geometrical lines upon the- 
plates, but the whole of the engraving of letters and figures, 
were done by himſelf, as 'F was told by a perſon in the mathe- 
matical line, who very frequently attended Mr. Shane” i in the 
_ Htter part of his life. I therefore look upon Mr. SA RP as the 
firſt perfon that brovght — affair of hand « diviſion to "oy degree | 
of eee ang LA 

Some time about: the eſtabliſhment of. theintire? are at Green-- 
wich.” the celebrated Daniſh Aſtronomer OrLauvs Roztmzr 
began his domeſtic Obſervatory, which he finiſhed in the year 
171 5, as we are informed by his hiftorian PETER Hon RTBOw, 
in the third volume of his works, i in the tract, intituled, 

Bas Aftronomie, publiſhed in the year 1741. In this tract is 
the deſcription of an inſtrument, Tab. III. which not only 
anſwered the purpoſe of the meridian are; but, its teleſcope 
being mounted upon a long axis, became alſo in reality what 
we now call a Tranfit Inſtrument; and which furniſhed, ſo far 
a8 
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_ the axis, ol this inſtrument being the center of the meridian are, 
and carrying its index, M. RogMER thereby avoided the errors 


correct or check the errors of the arc in right aſcenſion. But 
it is the peculiar method in which RoRNH;RR divided his inftru-. 
ments, that occaſions him here to be introduced. 


| teach how to divide a given right line i into any number of parts 


check, by obſerving the paſſage of known ſtars nearly 1 in the 


as 1 1 Heb been able . 550 efirſt idea dean; 4 * rden „ 


arifing from the plane of the mural arc not being accurately a 
vertical plane; and which Mr. Fr.amsTzeD endeavoured. to 


ſame parallel of declination; that is, paſſing nearly over the 
ſame part of the plane of the arc; by which he was enabled to 


Though it is a very ſimple problem by which peornetricians 


| required; yet it is ſtill a much more fimple thing to ſet off 


upon, a given right line, from a point given, any number of 
equal parts required, where the total length is not exactiy f 
: limited ; for this amounts to nothing more than aſſuming a 
convenient opening of the compaſſes, and beginning at the 
point given, to ſet off the opening of the compaſſes as many 
times in ſucceſſion, as there are equal parts required; which 


| proceſs i is as applicable to the arch of a circle as it is to a right 


line. Of this fimple principle: RogMER endeqroured to avail * 


bimſelf. 


would de about 10 minutes, With this opening, beginning 


For this — M. Si wok two o tt, but very y 
pointed, pieces of ſteel, and fixed them together, ſo as to 
avoid, as much as poſſible, every degree of ſpring that would 
neceſſarily attend long-legged compaſſes, or even thoſe of the 
ſhorteſt and ſtiffeſt kind when the points are brought near toge- 
ther. The diſtance of the points that he choſe was about the 
Ae or of an inch. This, upon a radius of 22 or three feet, 


at 


8 a the poi Joes 1 be 125 o& 6 Gal paces The 05 6 Yie 
end of. 1 arch, which Wat Was 27 t 75% Thoſe were > diffin- 
guithed upo on wn limb of 1 the inſtrument by * very fine points, . 
which were METS by a, groffer diviſion, the whole being 8. 
properly numbered. The ſubdiviſion of thoſe arches of 10 10 
minutes each way performed by a double microſcope, carried 
upon the arm or. radius of the, inſtrument, the common focus 

being furniſhed with parallel threads of ſingle filk, whereof 

eleven being dilpoſed at ten equal intervals, comprehending 
together one ten · minute diviſion, the diſtance of the "neareſt 


each, and therefore capable of a much further ſubgiv iGon + 
eſtimation. : 

The diviſions of this inflrument wete e properly 
ſpeaking, not degrees and minutes; but yet, if exactly equal, 
would ſerve the purpoſe as well, when their true value was 
found, which Was done * compariſon with larger inftru- 


ments. ; 


Now, if 1 it * conſidered, that i in going ſtep by ade of ten 


minutes each, through a ſpace of 75 degrees, there will be a. 
| ſuccethion of 450 diviſions, dependant upon each other; if it 
be alſo conſidered, that the leaſt degree of extuberance in the 
| ſurface of the .metal, where each new point is {et down, or 
the leaſt hard particle (wherewith all the baſe metals ſeem to 
abound) will cauſe a deviation in the firſt impreflion | of a tapes | 


point, and thereby produce an inequality in the divifion ; it is 


evident, that though this Inequality may be very {mall, and 


even imperceptible between neighbouring diviſions, yet among 
diſtant ones, it may and will ariſe to ſomething conſiderable ; : 


which, in the menſuration of angles, will have the ſame ill 
tendency as in near ones. Now, as M. RoEMER has given us no 
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threads became a very viſible ſpace, | anſwerable to one minute 
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Means of becking. the diſtant Gift ſons, in aide of each 
| other, | it is very probable that 1 no one has followed: his ſteps, 5 
in caſes where great accuracy was required, | in a conſiderable: | 
number, of diviſions. . For: in reality this method ĩs likely to fall 
far hort of Dr. "Hook": $3 . Hook” 8 diviſions being cut in 5 
3 fimilar ſucceſſive ve manner, by the rotation of the ſharp edge of 


$9? 


the thre ads of a ferew 8 7 the exterior edge of the limb b of 


FF. + 45 


Fr 
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than Fig two, K 8 or * N at once; EY that the, 


wall hard particle in the metal, will be cut through or re- 


moved by t the grinding or rather ſawing motion of the ſcrew 3g . 
and which, in regard to its contact, being in reality an edge, 
vill be much more effectual (chat! is, more firm) i in its reten- 


F.-Y} 


tion, than a mere fimple point : and a repetition of the opera- 


tion, from the ſupport of the threads to each other, will tend 


4 
to mend the firſt traces; ; Poa in RogMER' 8 N, a open 


e 


the Point "be confirmed Ell 4 in awing it n 8 

"When. Dr. HALLE VW was choſen Aſtronomer Royal (Mr. 
5 Fra A MSTEED'S inſtruments being taken away by his executors), 
Mr. Granam undertook to make a new mural quadrant, about 
the y year 17253 who, uniting all that appeared valuable in the 
different methods « of his predeceſſors, executed ĩt with a degree 
of contrivance, accuracy, and preciſion, before unknown: and 
the diviſion thereof he performed with his own hand. The 
model of this quadrant, for ſtrength, eaſy management, and 
| convenience, has been ever ſince purſued as the moſt perfect. 


F | What 


Tr 
— 3 33 


What x F to 'be peculiar in i it, was the ape of 
| the arch of 96*; not only as a check upon the arc of degrees 
and minutes, but as ſuperior thereto, being derived from the 
more ſimple principle of continual bi ifeftion. cen 
To make room for this, he has entirely rejected the ſubdivifi ion 
by diagonals, and has adopted the method of the Vernier ; but the ; 
ſubdiviſion of the vernier diviſions he, as I apprehend ' for the 
firſt time, meaſured by the turns of the detached adjuſting 
ſcrew, making i it in fact a micrometer, by which the diſtance 
of the ſer of the inſtrument was to be meafured from the 
perfect coincidence of one of the actual diviſions of the limb. 
with the next ftroke of the vernier ; by which means the ob- 
ſervation could not only be read off with all the preciſion that 
the diviſion of the inſtrument was capable of, but the two ſets 
of diviſions could be checked and compared with each other. 
Another thing that I apprehend to be peculiar in this inſtru- 
ment, was the more certain method of transferrin g and cutting 
| the diviſions, from the original divided points, by means of 
the beam-compaſs, than could poſſibly be done from a fiducial 
edge, as had doubtleſs been conſtantly | the practice in cutting 
diagonals; for, placing the ſteady point of the beam-compaſs 
in the tangent line to that part of the arc where each diviſion 
was to be cut, the opening of the compaſs being nearly the 
length of the tangent, the 6ther point would cut the diviſion 
in the direction of the radius nearly; and though in reality an 
arch of a circle, yet the ſmall part of it in uſe would be ſo 
nearly a right line, as perfectly to anſwer the ſame end; all 
which advantages put together, it is probable, induced Mr. 
GrAnaM to reject the diagonals. 
Soon after the completion of this quadrant, Mr. GRAHAM 
undertook to execute a zenith ſefor for the Rev. Dr. Bun Apl. Kr, 
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which was. fixed up r in Eſſex, i in "4 ver. 172. 
The very ſimple pl big that he. adopted for this inſtru · 


ment (the plumb line ſelf being the index) did not admit of 
the uſe of a vernier: he therefore contented himſelf with 
dividing the arch, of the limb of this inſtrument by primary 
points, as cloſe as he thought neceflary, that is, by diviſions. 
of five minutes each, and meaſuring the diſtance from the /ef 
| of the inſtrument to the next point of diviſion by a micrometer 
ferew, in the conſtruction of which ſcrew he uſed uncommon 
care and delicacy. P have mentioned this inſtrument to intro- 
duce this obſervation ; ; that 1 think it highly probable, had 
Mr. GRAUAM conſtructed the great quadrant after the zenith 
ſector had been fully tried, he would have rejected not only the 
diagonals but the verniers alſo, as containing a ſource of error 
within themſelves which may be avoided by awell- made ſcrow®.. 
It ſeems alſo, that Mr. GRAHAM, at the time he con / 
firucted both theſe inſtruments, was not aware how much error 
could ariſe from the unequal expanſions of different metals by 
heat or cold : for in both the radius, or frame of the inſtru», 
ment, was iron, while the limbs were of braſs. They, how- 
ever, remain in the Royal Obſervatory, perfect models, in all 
| other reſpects, of every thing that 1 is likely to be attained i in 
their reſpective deſtinations, and monuments of the ſuperla- 
tive abilities of that great mechanician Mr. GRAHAM . 


* This has been found canſentaneous to the experience of my friend Mr. 
| Av3ERT, who, on my ſuggeſtion, has long ſince laid aſide the uſe of hi; vernier, 
meaſuring always by the micrometer ſcrews the diſlance between the ſet of the 
inſtrument, and the coineidence of the firſt ſtroke of the vernier with the next 
primary diviſion of the limb. | 

1 I have been informed, that Dr. MasxEL%Rz has cauſed. this — to the 
ſector to be rectified, ſince its removal to the Royal Obſervatory, by ſubſtituting 
an iron limb inſtead of that of braſs, the points being made upon ſtuds of gold. 
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- Mr, GRAHAM lived till the Rene: 1751; and dog « his nk 
there were few inſtruments of couſequence conftru d wirke 
qut his advice and opinion. They were for 1 many years don . 
by Mr. Srssox, to whom doubtleſs Mr. Granam would fully | 
commupicate his method of diviſion ; and from this he 
aroſe that very eminent and accurate artiſt Mr. Bray, whoſe 
delicate hand, joined with great care and afliduity, enabled 
him ſtill further to promote this branch of diviſion; ; and which 
being carried by him to a great pitch of perfection, the Com- 


wpiſhagers of hag rugs did themſelves the credit, 455 an hand- 


being . up by bioaſlf, in the year 8 1 marks 15 
fully ſet forth to the public: : I ſhall therefore only take this 
opportunity of obſerving, that there ſeems to be one article in 

which Mr. BIRD s method may be ſtill improved. | 

„ muſt here obſerve, that 1 appreheud no quadrant, that bas 
a undergone A ſevere examination, has been found to form a 
perfect arch of 90˙3 ; nor is it at all neceflary i it ſhould : the per- 
feat equality of the diviſions throughout the whole 1 is the firſt 
and primary conſideration ; as the proportion of error, when 
aſcertained by proper e can be as eafily and 
_ readily applied, when the whole error of the "mi is fifteen 

| ſeconds, as when it is but f five. 
In this view, from the radius taken, 1 would com pute the 
bo ag of lixteen degrees only. If I had. an excellent plain ſeale, 

I would uſe it; becauſe I ſhould expect the deviation from the 

right angle to be leſs than if taken from a ſcale of mare moderate 

accuracy; but if not, the equality of the div iſions would not be 
affected, though taken from any common diagonal ſcale. This 


chord, ſo prepared, I would lay off five times in ſucceſſion, from 
3 | the 


1 


. 
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the Soth, would give the 88th degree: proceeding then by 
biſection, till I came to an arch of two degrees, laying that off 


from the 88th degree, would give the point of ninety degrees. 
' Proceeding ſtill by biſection, till I had reduced the degrees into 
quarters = = fifteen minutes each, I wovld there ſtop; as from 


Experience ITknow, that when diviſions are over cloſe, the ac- 
*curacy of them, even by biſection, cannot be ſo well attained as 


Crometer ſcrew, this may be ſhortened by placing another line 
at the diſtance of one-third of a diviſion on each ſide of the index 
Une, in which caſe the ſcrew will never have to move the index 


the perfect equality of thoſe fide lines from the index line may 


to its true diſtance from the middle one, by an adjuſting 
ſcrew. | 


where they are moderately large. Wa ſpace of , of an inch, 
Which is a quarter of a degree, upon an eight-feet radius, is 


thought too large an interval to draw the index over by the mi- 


plate more than one-third of a diviſion, or five minutes; and 


be obtained, and adjuſted to five minutes preciſely, by putting 
each of the ſide lines upon a little plate, capable of adjuſtment 


The above int! is not Nn to the chord of ſixteen degrees, 
which prohibits the ſubdiviſions going lower than fifteen mi- 
nutes : for if it be required to have diviſions equivalent to five 
minutes upon the limb itſelf; then I would compute the chord 


of 21 20' only; and laying it off four times from the primary 


point, the laſt would mark out the diviſion 8 5 20“, pointed 
out by Mr. Binp; ſupplying the remainder to a quadrant, from 


the biſected diviſions as they ariſe, and not by the application of 


other computed chords. 
In 


In my Introduction to M. Rozuezn': 8 | Method of Diviſion, I | 


have ſhewn, that diviſions laid off 1 in ſucceſſion, by the ſame 
opening of the compaſſes, either in a right line, or in the arch 
of a eircle, being in its idea geometrically true, and, iv itſelf the 
moſt fi imple of all proceſſes, i it has the faireſt chance of being, | 
PL Bi and OT exact, when cleared of the Annen: 


a OG une A ies than $4000 a quadrant, when, ſub- 


divided to ten minutes each), the ſmalleſt error in each, repeated: 
$49 times, without any thing to check it dy the way, may ariſe. 
to a very ſenſible and large amount: but in the method I have. 
kinted,, this objection will not lie; for, in the firſt caſe, the 
aſſumed opening i is laid off but five times ; and in the latter caſe. 
but four times; nor does this repetition ariſe out of the nature of 
the thing; 5 for, if vou like it better, you may, in the former caſe, 
at once compute, the chard of 6 and in the latter that ” 7 
85 * 20', and then proceed wholly by biſection; ſu pplying what. 
18 wanted to make up the quadrant, from the biſected diviſions, 
as they ariſe. Mr. Biko prefcribes this method himſelf, for the. 
diviſion, of Haprey' 8 ſextants and octants. 5 
He, 1 ſuppoſe, was the firſt, who conceived the 1353 of aying 
off chords of arches, whoſe ſubdiviſions ſhould be come at by 
continual biſeckion; but why. he mixed therewith diviſions that: 
were derived from. a different origin (as preſcribed in his method: 
of dividing) Ido not eaſily conceive. He ſays, that after he had: 


proceeded by the biſections, from the arc of 8 5 207, the ſeveral. 
points of 30%, 60, 7 5, and.go?, (all. of which were laid down. 
from the principle of the chord of 60 being equal to radius), 
Fell in without ſenſible inequality; and ſo indeed they might; but 
yet it does not follow that they were equally true in their places 

28. 
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+ i chez Bath been (ute the ret) 14d down fro yg N che ni 
from 8 g is, And Po efore being the firſt made, e error 
th i then,” wou ta be communicated to all connected with 
Ain.” ot takin their dep artüre from ther. ; Every hetergy 6 
Wm] tAixfvire e 'be avoided where equal diviſions : are re- 
ited” Tt i is n of the ame thing KW every 7 75 30d artiſt v Will ſee) 
whether you "Fibict ki! a med re Wt 48 "Nearly the fame 
40 you Un; And lay thern off ff firitely or hy off; 00 SET; 
. the com päfſes, sicb, whalte 22 for thoug h the fame ne 
opting p erefelly ken off from ths ſame Teale al a ſecond Ems 
will doubtlett fall into the beige made by the firſt, without 
keulldle error; yet! as the floping g des of the conical cavities made, 
_ by the firſt point will cohdutt the points themſelves to the cen- 
ter, there may be An error Which, though inſenfible to 99155 | 
would have been avoided by the more : fmple proceſs 5 of laying off 
the op pening twice, without ever altering the commpaffes. 1 
The 96 ate was, I have 10 doubt, invented by, Mr. Gras T 
HAM, 180 having perceiver „in common with all preceding 
artiſts, how v very much more eaſy a a given line was to bifect, than | 
td trife&, or quinqueſect; and therefore the 96 arc Which p pro- | 
ceeded by biſections ofily (or by laying off the fame ] 3 qentical 
openings, which, as already ſhewn, is fill 1 more fimp E 10 
unexceptionable) was wholly intended by him by N of 4 
checking the diviſion bf the arc of 90, which required tri oY 
tions and quinqueſections. But experience ſoon ſhewed the 
ſuperior advantage of it ſo ſtrongly, that the uſe of the go arc 


is now wholly ſet afide, where accuracy is required; whereas 


* 


96 2 arc by biſection, when this is really purſued! quite. through | 
the piece, by rejecting all diviſions derived from any other 
origin, the go arc will have nothing in it to prevent its being PE 


nr 


) 


the, Tgenuney of Mr. Bix baving ſhewn a way. to produce the | 


equally mne, with the 96 a are; and conſequently if, 


Inſtead of the 96 arc, another arc of go was laid down (which, 
being upon a different radius, its diviſions will ſtand totally un- 
connected with the former), then theſe two arcs would in reality 
be a check upon each other; for being of equal validity, the mean 
might be taken: and if (in lieu of vernier diviſions) ſtrokes at 
the diſtance of any odd number, as 7, 9, 11, or 13, are marked 
upon, and carried along with, the index plate; theſe will pro- 
duce a check upon neighbouring diviſions; and the angle may 
then be deduced from the medium of no leſs than four 
* 8 . 

The laſt works that have been made known to the robot in 
the line of graduation (o far as has come to my knowledge) are 
thoſe of the very ingenious Mr. Ramspex, which were pub- 
liſhed, by order of the Board of Longitude, i in the year 1777. 

From his own information, [ learn, that in the year 1760 

he turned his thoughts towards making an engine for dividing 
mathematical inſtruments ; and this he did in conſequence of a 
reward offered by the Board of Longitude to Mr. BIRD, for 
publiſhing his method of graduating quadrants 3 for as, ſeveral 
years previous to that period, he had taken great pains to ac- 
compliſh himſelf in the art of hand-dividing, i in which line 
Mr. Bizp had acquired his eminence, he conceived by this pub- 
lication of Mr. Brxp's he ſhould be reduced to the ſame ſtandard 
of performance with the reſt of the trade. He, therefore, partly 
to fave time, and that kind of wearineſs to an ingenious mind 
that ever muſt attend the endleſs repetition of the ſame thing 
from morning to night; partly ſtill to preſerve the pre-eminence 
he had then gained ; and partly to procure diſpatch in the great 
increaſe of demand for HADbLEx's ſextants and octants, in conſe» 
quence of the ſucceſsful application of the moon's motion to the 
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5 put poſe o of eſitening the longitude at ſea (which inſtruments 
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for this purpoſe required a degree of accuracy and certainty in the 
diviſion, byno means neceffary thereto when applied to the ſimple 
purpoſe of obſerving latitudes); I ſay, for theſe conſiderations, Mr. 
Raus determined to ſet about ſomething in the inſtrumental 
' way, that ſhould be ſufficient effectually to anſwer theſe purpoſes. 
Accordingly, conſidering the nature of the endleſs ſcrew, he 
ſet hier ſelf to work upon an engine whoſe divided wheel or plate 
was of thirty inches diameter ; and though the performance of 
this firſt eſſay was inferior to his expectations and wiſhes, yet 
| with it he was able to divide theodolites with a degree of preci- 
fion far ſuperior to any thingof the * kat had been en | 
to the public. Tas 
This engine I -myſelf Give in the fork of the year 1 and 3 
it appeared to-me not only a very laudable attempt towards i in- 
ftrumental diviſions, but a very good model for the conſtruction 5 
of an engine of the moſt accurate kind for that purpoſe. And 
be furthermore, at the ſame time, ſhewed me the model or 
pattern for caſting a wheel of a much larger ſize, which he pro- 
poſed to make upon the ſame plan, and with conſiderable im- 
provements. This being effected ſome time in or about the year 
1774, its accuracy was proved by making a ſextant, afterwards 
ſubjected to the examination of Mr. Bixn; who in conſequence 
approved the method, not only as fully ſufficient for the divi- 
lion of Han Ex's ſextants and octants for any purpoſe whatſo- 
ever, but in fact for dividing any inſtrument whoſe radius did 
not exceed that of the dividing wheel, which was forty-five 
inches in diameter : whereupon the Board of Longitude, ever 
ready to encourage all endeavours that tend to the certainty and 
perfection of any thing ſubſervient to the purpoſe of finding the 
. at ſea, ven properly and uſefully reſolved. to confer 
an 


5 was brought to that degree of perfection, that nothing material 


at ne reward on Mr. ee; for delivering a "full 
explanation of his method of making the ſaid engine; which, 
in conſequence, was publiſhed by order of the Board of Longi- 25 
tude in the year already mentioned, viz. 1777: the defi igue 
whereof are fo full and explicit, that whoever could not under- 

ſtand that deſcription, fo as to enable him to make i it, would be 
: unfit to andertake 1 it on other accounts. | 


enn adh 1 hsc open; the vente af the thus ants | 
that 1 have mentioned, it would ſeem that the art of graduation. 


can now be added thereto : and I ſhould have been apt to have 
thought ſo myſelf, if I had not happened, in the courſe of my 
life, to have had a communication made to me (under the ſeal of 
ſecrecy) which ſeems to promiſe yet further light and aſſiſtance 
in perfecting that important art; and every impediment to the 
diſcovery thereof being now removed, I ſhall in the remainder - * 
of this eflay give the cleareſt deſcription thereof that I am able, 
with ſuch elucidations aud! improvements as ſeem to be naturally 
pointed out by the method itſelf. 

In the autumn of the year 1741, 1 was firſt 8 to che 
acquaintance of that then eminent artiſt, Mr. HaxRY HinDLEY, 
of York, clockmaker ;—he immediately entered with me into the 
greateſt freedom of communication, which founded-a friendſhip 
that laſted to his death, which did not happen till the year 1771, 
at the age of 70. On the firſt interview, he ſhewed me not 
only his general ſet of tools, but his engine, at that time fur- 
niſked with a dividing plate, with a great variety of numbers for 
5 cutting the teeth of clock wheels, &c. and alſo, for more nice 
and curious purpoſes, furniſhed with a wheel of about thirteen 
inches diameter, very ſtout and ſtrong, and cut into 360 teeth; 


te » which was. * an endleſs ſcrew, adapted thereto The 
D 2 chreads 


. 


__ | of this ſcrew were. n. | 
"i „ but upon a ſolid whoſe * were 13 — by n. : 


Vt circles. The whole length contained fifteen threads; and 
as: every thread (on the fide next the. wheel), pointed towards 


ame channer as that bf the engine ; the whole of which inſtrament was already 


_ inverting refracting hind, and to be furm 
Was not compleated till ſome years after; but, in the year 1 748, 1 received it in 
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the center thereof, the whole fifteen were in contact together; 
and had. been. ſo ground with the wheel, that, to my great 
aſtoniſhment, I found. the ſcrew would turn round with the 


_ utmoſt freedom, interlocked with the teeth of the wheel, and 
_ would draw the whett round without any ſhaks or 3 or 
the leaſt ſenſation of inequality. , 


How long this engine might hw hai Mads A this firſt 
interview, I cannot now exactly aſcertain: I believe not more 
than about'a couple of years; but this I well remember, that he 


then ſhewed me an inſtrument intended for aftronomical pur- | 
poſes, which muſt have been produced: from the engine, end: 
5 uach 06 inſedf muſt thaw hehe ks: mal | 
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- WE This r was . the 1 kind; z the on parallel to. the 
equator, the quadrant of latitude, and ſemi· cirele of declination, being all 


furniſhed with ſcrews containing fifteen threads each, framed and moved in the: 


framed, and the teleſcope tube in its place, which ; way intended to be of the | 
ed with a micrometer. This, however, , 


London for ſale. It ſtaid with me two years, in which time 1 ſhewed i it to all - * | 
mechanical and philoſophical friends, amongft whom was Mr. Snokr, who after- 
wards publiſhed in the Philoſophical Tranſactions, vol. XLVI. Ne 493- p- 247. an 


n of a 2 — without — any — * 


7 in | the Seer articles, He added an azimuth circleand N at he 

bottom. He omitted the epdleis ſcrews, placing verniers in their ſtead; and at 
the top, inftead of a refractor. This inſtrument of HinD- 
uvey's ales afterwards 1 to him unſold, I pointed out the principal deficien- 


eis that 1 found therem;z vz. that, in Patting the inſtrument into different poſt- 
tions, 


Burton Confiable, in Halderneſi. Mr. Hixbrzr, to remedy the evil aboye-men- 


_ in dig cb FLEX 
for this communication ; but — 1 he ſhewed x me his engine EY 
and told me, that the ſcrew was cut by the rotation of thi” 
point of a tool, carried round upon a ſtrong arm, at the diſ- 
tance of the radius of the wheel from the center of motion, 
which arm was carried forward by the wheel itſelf, and the 
wheel was put forward by an endleſs ſcrew, formed upon a 
cylinder to a Proper ſze of thread, cut by his chock lathe 3 
though he ſhewed me alſo this chock lathe, and the method 
employed to make the threads of the ſcrew eguiangular with 
the axis, that i is, to free the ſcrew from what workmen term 
drunkenneſs ; and alſo ſhewed me how, by the fingle ſcrew of 
his lathe, he could cut, by means of wheel-work, ſcrews of 
every neceſſary degree of fineneſs * (and, by. taking out a 
wheel, could cut a left-handed ſcrew of the very fame degree 
of fineneſs) ;: by which means he was enabled not only to adapt 
his Plain f ſerew to the ſize of the teeth of his wheel, but alſo to 
prevent any drunkenneſs that otherwiſe the curved ſcrew would 
be ſubject to in conſequence of- bein g produced : from the bin. 


tions, the fpringing of the materials was ſuch a8 in ſome poſitions to amount ws 
conſiderable errors. This remained with him in the-ſame ſtate till the year of the 


fict Tranft of Hens, vis. 161; when it was ſold to — ConsrapLe, Eſq, of 


| tioned, applied balances to the different movements, He ſoon afterwards com- 


| plied one, de novo,. upon this improved plan, for his Grace the late Duke of 
Non vol x. A method of balancing in much the ſame way, without the know- - 
ledge that it had been done before, has been fully explained, and laid before 
the Society, by our ingenious and worthy n Nax R. Phil, Traut. 

vol. LXI. p. 108. 49 

* A machine for cutting the endleſs - ſerew of Mr. Rauspkx' S engine, upon 
principles exactly ſimilar, is fully and accurately ſet forth in his Deſcription of his 
— Engine above-mentioned, 


one ;: 


ber 23 an optic glaſs to its tool, produced that degree of 


gens 


be a natural limitation, to the accuracy of inſtruments, con- 
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a — —— on Pie 
* thermore, that the ſcrew and wheel, being ground 


one; 


| neſs in its motion that I obferved ; and, laſtly, that 
the wheel was cut from the dividing plate: yet, how the 


_ dividing plate was produced, * for particular reaſons ve 
to himſelf. 2 


Nor can he be blamed for the reſervation of this one ſecret; 
as he had, even at the time of my early acquaintance with 
him, a kind of forefight that from the ſuperior merit of Hap-' 
LEY's quadrant, a demand for that, and other inſtruments for 


the purpoſe of navigation, was likely to increaſe; and that he 
might/live to ſee a public reward offered for a method of di- 

viding them with greater accuracy and difpatch than had at 
that time appeared. Indeed, he had himfelf ah idea, from tlie 
ſatisfactory ſucceſs that had attended his operations in dividing, 


that a ſcrew and wheel; produced' from his engines of one 
foot diameter, would have as much truth as the eight feet qua- 


dtant at Greenwich: and though he doubtlefs greatly over- 
rated the accuracy of theſe miniature performances, yet it does 


not follow, as his methods were not. confined to ſo narrow a 


_ . compaſs, but that, his ſcale of operation being proportionably 
enlarged, a degree of accuracy in the graduation of aſtrono- 


mical inftruments may be attained in proportion. f 
I muſt here beg leave to obſerve, that there appears to me to 


ſiſting of conſiderable portions of a circle, ſuch as quadrants, 
&c. . I do not find that the fineſt ſtroke upon the limb of a 


quadrant, made by Biav's own hand, if removed from its 


®* The zenith ſector conſiſts but of few degrees, with little variation of i its | 
poſition in uſing it. 
1 


coin 8 


— of Albonomical — 1 2 
8 8 with its index, can be replaced with any degree of 
certainty nearer than the 400odth part of an inch, nous 
aided by a magnifying glaſs *. | 
A 4ooodth part of an inch being then determined to be the 
minimum vifibile by the ſtrokes of an inſtrument, this will be 
leſs than one ſecond of a degree upon a radius of four feet; 
and therefore, if the whole fet of diviſions upon the limb eould 
be preſerved true to this aliquot part of an inch, the eight feet 
quadrants of Greenwich might be expected to be true to half 

a ſecond. How far they are from this, I do not exactly knorr: 
but I have reaſon to think they vary from it ſome ſeconds: 
nay, I believe it is generally allowed, that our largeſt qua- 
drants, even when executed by the accurate hand of Mr. BinD, 
do not exceed thoſe of a leſs ſie, by the ſame hand, in pro- 
Portion to their increaſe of radius: nor can it well be expected 
that they ſhould; ſince, as the weight neeeſſarily increaſes in 

a triplicate ratio of the radius, the great weight of the Green- 

wich quadrants in moving and fixing them (as they could not 
be divided in their place) may eafily derange the framing ; ov 

even the internal elaſticity of the materials may give way, by a 
change of poſition, to ſo minute a quantity as a 4ooodth part 

of an inch. It therefore appears to me, that ſince the diviſions 

of a quadrant of four - feet radius are more than ſufficient, and 
even thoſe of three feet admit of all the diſtinctneſs that in 

other reſpects is wanted, a three- feet . in point of 


'* Tt will be to little 3 to attempt it with a greater power. Double 
microſcopes can doubtleſs be formed to magnify objects, far leſs than a 4000dth: 
part of an inch, to diſtin ſurfaces; but then the advantage of ſuch degrees o 
magnifying power is chiefly upon the organized bodies of nature. Let a dot, or- 
the fineſt point that can be made by human art, be fo viewed, and it will appear 


not n. but a very ragged irregular figure. 


fize, 


of much cumber, unſkidinets and derangement, that muſt ariſt 


expect from fight, though aided by glaſſes, when obſerving the 


the Philoſophical Tranſactions for the year 1754, I have-ſhewn 
the mechaniſm of a new yromerer, ad experiments made thete- 
95 with; ; whereby it appears, that, upon the principle of rontar, a 


2 8 pains of all attainable - N and would be 88 


0 uch to be depended on as any of thoſe now in being of eight 
beet. By adopting quadrants of this ſmaller fize, we ſhall of 


courſe get rid of :*ths of the preſent weight; and conſequently 


from that weight, as well as the fear of totally HA 
them, if ever moved our of their place. 

It now comes to be time to open a principle upon which there 
K a proſpect of effecting ſuch an impfovement. I have ſhewn 
that a 4ocoth part of an inch is the altimatum that we are to 


diviſions of an inſtrument. But in the XLVIIllth volume of 


24,000th part of an inch is a very definite quantity, I remem- 
bered very well that I did not then go to the extent of what I 


might have aſſerted, being willing to keep within the bounds 
of credibility: but on occaſion of the preſent ſubject, I have re- 
examined this inſtrument, and find myſelf very well authoriſed 
to ſay, that a 60,000th part of an inch, with ſuch an inſtru- 
ment, is a more definite and certain quantity than a 4goooth 
part of an inch is to the gh, conditioned as above ſpecified. 
"The certainty of contact is, therefore, fifteen times greater than 


that of vifion, when applied to the diviſions of an inſtrument = 
and if this principle of certainty in contact did not take place 
even much beyond the limit I have now aſſi igned, we never 


ſhould have ſeen thoſe exquiſite mirrors for reflecting teleſcopes, 
that have already been produced. 


Theſe reflections apply immediately to my preſent ſubject, as 
HiNnDLEY's method of diviſion proceeds wholly by contact, and 
IS 


that 
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Graduation of Affronomical Tuftruments. 25 
that of the firmeſt kind; there being ſcarcely need of magnity- 
ing glaſſes in any part of the operation. 
In the year 1748 I came to ſettle in London and the firſt 
employment I met with was that of making philoſophical in- 
ſtruments and apparatus. In this ſituation, my friend HIx DL Rx, 
from a principle the reverſe of jealouſy, fully cotnimunicated to 

me, by letter, his method of diviſion; and though I was enjoined 
ſeerecy reſpecting others (for the reaſons alieady mentioned), 
yet the communication was expreſsly made with an intention 
that I might apply it to my own purpoſes. 
The following are extracts from two letters, which contain 
the whole of what related to this ſubje& ; and ſince I have many 
things to obſerve thereon, fo that the paraphraſe would be much 
greater than the text, I think it beſt not to interrupt the deferip- 
tion with any commentary, as perhaps his own- mode of ex- 


preſſion will more briefly and happily convey the general 1 
of che work than * L can uſe inſtead * it. 


My vpzax Friend, „ York, 16 Nov, _—_ 3 


As to what you was mentioning about my brother's knowing 
how I divided my engine plate, I will deſcribe it as well as T 
ean myſelf; but you will want a LE * things t to ga 
through with it. 4 
The manner is this: firſt chuſe the largeſt nuniber you wank; 1 
and then chuſe a long plate of thin braſs ; mine was about one 
inch in breadth, and eight feet in length, which I bant like an 

| hoop for an hogſhead, and ſoldered the ends together; and 
turned it of equal thickneſs, upon a block of ſmooth · grained 
wood, upon my great lathe in the air (that is, upon the end of 


the mandrel): one fide of the hoop mult be rather wider than 
E 


the 


Vol. LXXVI. 8 
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the other, that it may fit the better to the block, which will be 
a ſhort piece of a cone of a large diameter: when the hoop was 
tuned, IT took it off, cut, and opened it ſtraight again. 
— The next ſtep was to have a piece of ſteel, 
1574  bexiled3 into the form as fer margin; which had 
two ſmall holes. bored in it, of equal bigneſs, one 
nerd receive 2 ſmall pin, and the other a drill of 
L equal fize.) I ground the holes after they were 
1 hardened, to make them round and ſmooth. The 
chaps formed by this ſteel plate were as near to- 
gether as juſt to let the long plate through. Be- 
31 ing open at one end, the chaps ſo formed would 
ſpring a little, and would preſs the long plate 
1 '- cloſe, by ſetting in the viſe. Then I put the long 
5 e to a n angle to the length of the ſteel chaps, and bored 
1 ane hole through the long plate, into which I put the ſmall 
pin; then bored through the other hole; and by moving the 
ſteel chaps a hole forward, and putting in the pin in the laſt 
hole, 1 proceeded till I had divided the whole me of the 
plate. 
The next thing was to * this into a circle again. After che 
plate was cut off at the end of the intended number, I then 
proceeded to join the ends, which I did thus: I bored two nar- 
row ſhort braſs plates + as I did the long one, and put one 
the infide, and the other on the outſide of the hoop, whoſe ends 
were brought together; and put two or three turned ſcrew 
pins, with flat heads and nuts to them, into each end, which 
held them together till I rivetted two little plates, one on each 
fide of the narrow plate, on the outſide of the hoop. Then I 
took out the ſcrews, and turned my block down, till the hoop 
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The figure is conſiderably leſs than the real tool ſhould be. 
. + Theſe I ſhall hereafter diſtinguiſh by the name of ſaddlerplates. 
4 would 


would fit cloſe on; and by that means my right line. was made 


into an equal, divided circle of what number I pleaſed. 


The engine plate was fixed on the face of the block, with a 


ſteel hole fixed before it, to bore through! And Thad a point that 


e of ee inflrunityts.. 1 


Would fall into the holes of the divided hdop; ſo by cutting | 


Horter, and turning the block 2 8 75 T dot all the numbers ON 


T need not tell you, that you get as many prime numbers as 


you pleaſe; nor that the diſtance of the holes in the ſteel _ 


moſt be proportioned to the length of the ooo. 
0 VVou may aſk my brother what he knows about my echo 


For I think neither 'he nor John Smith know ſo much as I have 


neral terms .I defire you to keep the method of n 
to to yourſelf, a and conclude with ny beſt wiſhes, ST} cn 
| 13 20 een 

e e e and 7 dear K. yours, Kc. 8 
et le 2 og Halbe, 1 
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" hb the Hrs letter v was in a itſelf very ** and explicit 
as to the general traces of the method, yet ſome doubts occurring 
to me, a further explanation became neceſſary. A copy of my Þ 
letter not being preſerved, the purport « of it may be inferred from 


the anſwer, which Was as follows : : 


* The perſons here referred to were both bred with him. His enter, Me, 
Rockx HinDLEY, who has many years followed the i ingenious profeſſion of a watch- 
cap- maker in London, was ſo much younger as to be an apprentice to him. Mr. 
Jonx SMITH, now dead, had ſome years paſt the honour to work in the inſtrument 
way, under the direction of ns late Dr. ane for his preſent Ma JESTY. 
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of dividing ; ; but need not tell him what I have faid about itz 
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told you, though I believe they got ſome knowledge of it in ge- | 
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| DEAR Ann, 48 York, 13 March, IG 


"1M THINK i in your laſt you Sow to ks apprehenſive of ſome 

difficulties in drifling the hoop for dividing : Firſt, that the 
center of the hole in the hoop might not be preciſely 1 in the ceater 
of the hole of the ſteel chaps, it was drilled in; but if I deſcribed 
fully to you the method I uſed, I can ſee no danger of error 
there : for my chaps were very thick, and the two correſpond- 
ing holes were à little conical, and ground with a ſteel pin; 
| Grit one pair, and then the other, alternately, till the pin would 
es the — depth into each, Then for drilling the hogp, I 
took pay e al that would paſs rough: ang þ bore the 


bole in thi hk btw the ficel as but would not ouch 
es in the braſß 
a muſt be concentric with the Yale i in the cage : : and for altera- 
tions by alr, heat, cold, &c. 1 Was not above two or three hours 
in dxilling a row of holes, as far as I remember. 5 
2dly, For drilling, in a right line, I had a thin brafs pl, 
faſtened between the ſteel chaps, for the edge of the hs 
bear gainſt, "whilſt 1 thruſt it forward from hole to L. ; 


4Y What you propoſe of an iron frame with a lead outfide, will be 


better than my wooden block ; but conſidering the little time 
that paſt, betwixt transferring the diviſions of the hoop to the 
diviſions of my dividing plate, 1 did not ſuffer much that way. 
it was when I drifled the holes in my dividing plate that 1 ufed 

a frame for drilling, which had one part of it that had a ſteel 


A : hole, that i in lying upon the plane of the dividing plate was 


bed falt! in its place for the point of the drill to a through : 
en, at the length of the dil, there was another piece of 
_ ws 
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PE Twp aye r es; 
keoop/it & right angles 60 the plane of the plate, This pisee 
was a ſpring, which bended at the end, where it was faſtened 
ro the frame ofthe lathe, at about eighteen inches from the end 
of the drill; ſo it puthied the drill through with any given force. 
the drill would bear : and though that end of the drill moved 
in the arch of a circle, it was a very ſmall part of it, l no 

equal to the thickneſs of nn 


e wiſhes conclude me e yours, A 5 25 | 
| Has. kawtr. 
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Wpdever Rentively confiders the communiration 8 
in the above letters will ſee, that more happy expedients could 
not have been deviſed to procyre a ſet of diviſions, Where there 
ſhould be the moſt exact equality among neighbours 3 and 
which, for the purpoſes of clock · making, is the principal thing 
to be wiſhed for. But herein, as in M. RoBNMER 's method, there 
were no means of checking the diſtant diviſions, which, run on; | 
to 360 : now. ſuch a check, hen tho expanſion of me ls is con 
|  fdered, and particularly the difference of expanſiqn between 
braſs and ſteel, ſeems abſolutely neceſſary for the purpoſe pt 
_ diviſions upon inſteuments, where the accurate menſuration of 
large angles is. required, as n . Ne equality. of, neagh= 
bouring diviſions N II 4Ot. : 
With this view the; invention af ad ingenious. \porſon ſug 
geld to him the thought of making his curved ſcrew; #9: lay 


* 


The ingenious Mr. STANCLIFFE (ſome years a workman of Hives) l has 
ſuggeſted, that the difference of expanſion between the ſteel chaps and the braſs 
hoop may be avoided by making the chaps of braſs alſo; with hard ſteel holes ſet 
ſeparately therein, ſomewhat ſimilar to the jewelled holes of watches, 2 8 


E 3 hold 


"ok | forrnaribe, if put to a ſtrict teſt, Was never eee oF that 


* bald bf fifteen teeth or gens — W in n 
apf of compaſies, 21 removes of which complete the whole 


cirele and produce 24 checks in the circumfererice: and whoever 
__ _ chrifiders the very exquiſi te degree · of truth that reſults from 
the grinding of ſurfaces in contact, as already noticed, muſt, 
expett-a/'very great degree of rectiſication of whatever errors 
might ſubſiſt in the wheel after its firſt cutting ©. -'>-- TI 
What degree of truth it might in reality be age ol OY | 
its firſt production and adjuſtment, is not now to be aſcertained, 
he never having ufed it it for tlie graduation of any capital inſtru- 
mente Thoſe that he made with a view to an accurate meaſure 
of angles, he always made with a ſcrew and wheel, or parts of 
| ctreles cut by his engine into teeth, and gro nd together /as 
Bedre- mentioned v hut I have reaſon to think, that its Per- 


accuracy that he himſelf ſuppoſed it to have. 

The method itſelf, however, from its ſimplicity, wand cat a 
cf vecwitibn,” ſeems to the & to be a foundation for every thing 
that. can be expected in truth of graduation; and in confe- 
quence for reducing inſtruments to the leaſt ſize that is ca- 
Pable offÞringing out all that can be expected from the largeſt ;; 
when it hall, like manual diviſion, have received choſe advan- 
tages that the joint” labours of the moſt ingenious men can 
beſtow upon it. That I may not appear to be without grounds 
for my expectations, I will beg leave to propoſe, what near 
forty years occaſional contemplation has ſuggeſted to me on 
the fubject; and as I can deſcribe the proceſs I would purſue, 
where different from HIxDLEx's, in fewer words than I could 
make out a regular criticiſm upon his letters, 1 will; imme- 
* Proceed to the deſcription of it. 
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ve would. recommend the number ot, parts into which the: # 
Grgle 1 yz to. be reduced to. be 1440; that 1 is 4 times 360; which. 
diiſions will therefore be quarters of a degree; the diſtances 


of the, holes es in t the chaps \ will therefore, to a three-feet, radius, 


be ee of a, inch ; neatly ; 5. that ; BB, between the ope-fixth and: 
ane-le venth « of an inch. diſtancecenter and center. 1 5 | 
| _ Haying provided myſelf with a ſtout. mandrel, or arbor, for 
a. «back. Lathe, properly. framed, 1 that would th tyrn A circle of fix. 
feet diameter, I would prepare a chock k, or 7 latf orm, for. the, 
end of it, of that diameter, or a little more, compoſed” of ve. 
. clean-grained mahogany plank, all cut out of the ſame log ; 
which, when finiſhed, ta be. about. 34 inch thick, and 
formed 1 in ſectors of * ſuppoſe 16 to make the circle; 
he. middle line of fach ſecdor lying. in the directjon, of the 
grain pl. the: ; WOOG this will . conſequently very. where point: 
qutward : dhe m thod of framing this. kind, , of. work Rel 
known. | 15 207-10 00 WP 10481 
„The way of getting Aa flip of 1 to anſwer the cixcum- 
ference of this platform is ſuggeſted. in Mr. BIRD 's Account of 
conſtructing , Mural Quadrants.,. f Let a parallelogram of braſs 
of about: three, feet long, ang of a competent ſubſtance (ſup- 
poſe half an inch), to make it when finiſhed about one-tweny, 
tieth of an inch i in thickneſs, be caſt of the fineſt braſs ; and 
this to be rolled down till it becomes of ſufficient length for 
the hoop, and about one · fifth part more. I would: then cut 
off, from the whole length, ſomewhat better than one· ſixth 
part, the whole being ſufficiently | reduced to a thickneſs by the 
rollers, Perhaps no way will be more ready and convenient to 
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8 Ps A ot braſs rodditced to an cual breadth, f 
the method greſeribed by HAN v. by tuning it u 
the chock prepared; but 1 would not make It: "wider on one 
fide than "the other, like the hoop of à Gafk, as he deſeribes, 
but exactly to fit the chock, when truly eylindrie; ; for thi 
internal elaſticity '6f the braſs, i in ſo great a length, will be 
wery ſufficient for fittin ing it on ti zht enough, without auy Eper. 
ing. This T will now ſuppoſe done; ahd a pair of ſteel chaps, 
a8 enge 4 Rem I 1 ms and ready of} 
cafuteinent as 
the hoop: Fuffciently 


1 * 7 7 4 : ** EF # * F 7 a 7 
N 1 91 N 1 - 197 S ; 12 


thy 


Meds. - 


, 9 : __—_ LY ; * 
1 9 SKA * 9 6 1 FO * * 2 * FAS rr tb 18015 | 10 . | Ts „ 
41 1 ; - | | 1.5 2 4 ; & #75, GR ' 42 1 2 . „ . 3 to 10 7 
a BE, : ED 4 FER N 10 42 48 4 k e444 V4 1 44 -£C1- bd. ws 8 18 * 
, + % ** 
a. air ir of Straps as 4 oth 'to the . 
14 * 5 £1 12 — * hy 15 ö | 05 "i 14 . 4 12 2075 2 3 'S þ * FL 10 "M 


* 


| Tho par ft be mut bs je davis two equal þ 
length; which, for diſtin&tion fake, I wilt call the Arup: 
and which are to ſerve as check 5 to . 3 and _ 
120th divifion of the circle. #2. 11 OUR 

A ſteel plate, of about half an inch * bicadth; [the Ae 
thickneſs as the ſtraps, and in length equal to the breadth of 
the hoop plate, muſt be foldered with' filver "ſolder to one 
end of each of the ſtraps, by which means their length 
will be increaſed half an inch by the ſteel. An hole muſt then be 
made through « each ſteel plate, of the ſame ſize as thoſe through 
the-chaps, and anſwerable to the middle of the ſtraps ; but fo 
near the border of the ſteel, that when the chaps are put on, 
and adapted to the ſteel hole, the next hole will fall through 
the braſs. The ſteel plates muſt then be hardened ; and a pin 


being put through the two holes and the two plates, theſe muſt 
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Ve wrought to a right line in coutiguity to eachother by this! 
| means the ſtraight edge of each of the ſtraps will be reducsd 
to the ſarne diſtance from the ſteel hole: the hard ſteel * 
may be rectißed by the grindſtane, if neceflary. : 
This being done, not only the holes in the chaps, but hs 
boles in the two ſteel plates, applied to each other, like the 
two ſides of the chaps, muſt be reſpectively ground together; 
not with a taper pin, as preſcribed by Hix DIE; but ſo ag not 
only to be cylindrical, but that the ſame cylindrical pin ſhall 
equally fit them all, and leave them ſmooth and poliſhed; 
which is a proceſs no ways difficult to a curious artiſt, and of 
which cherefore a minute deſcription 1 is unneceſſary. 
The chaps being then put upon one of the . miith i. its 
ſtraight edge uppermoſt, and a pin put through the holes on 
the left-hand, and through | the ſteel hole in the ſtrap under 
operation, the chaps muſt be ſet upright, ſo that the line join- 
wg the centers of the holes ſhall be parallel to the upper edge 
of the ſtrap; the braſs plate, mentioned by HIN DLRx, between 
the chaps, as a guide for directing them always to that upright 
poſition, may be then adjuſted and fixed to the inſide of the 6 
: _ next the operator“. 
FTzhe performanee of the enſuing 105 of this ook ſhould be 
at a ſeaſon. when the temper of the air is not very variable; 
Taber: above the mean PORE, (ſuppoſe at 60? ) than below it; | 


* It would be * prerious to the drilling of the ſteel chaps, that another 
hole was drilled in the chaps, that ſhould be ſomewhat above the upper edge of 
the ſtraps, and in the middle betwixt fide and fide, to receive a ſteady pin therein, 
antecedent to drilling the main holes; for then a tempered ſteel pin, a little taper, 
will, by driving it in as far as neceſſary, conſtantly anſwer this purpoſe from firſt 
to laſt, ſo as to regulate t the holes 1n grinding, to be truly oppoſite: proper holes 
ſhould alſo be drilled for fixing the braſs guide plate to one of the chaps.” 
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r "6-3 Aan es oha en 1 255 3 
but above all things the artiſt ſhould be hienſelf cool; that 
iz, not in a ſtate of ſenſible perſpiration ; ; and there ſhould be a. 
free cireulation'of air in the room. Things being thus condi- 
tioned in reſpect to temperature, he may begin to drill, 
the holes in one of the ſtraps; the pin being firſt put 
; through the chaps and through the ſteel hole of the ſtrap ; and; 
the next hole, being drilled through the braſs with a common. 
drill, that andevery hole as it goes is to be finiſhed with a taper 
| broach, as preſcribed by HiNDLEY ; and he may then prove or 
finiſh every hole by the application of a thorough broach,, 
made fo full as to require a degree of preſſure to force it 
through ; and this broach being a little : tempered, and the. 
holes quite hard, there * be r no fear of 1 * the ſteel 
holes 7. 
Calling the hole in the ſteel plates o, and Ain FR 
time of beginning, you may proceed to drill 60 holes as pre- 
feribed by HinDLEy ; and noting how long you have been. 
about it, you may lay the work aſide a length of time, equal, 
to the time you took in drilling; that any addition of warmth, 
it may have acquired in handling or working may be again 


>. loſt in a great degree +. After this pauſe you may begin again, 


and * to finiſh 60 holes more; that 1 is, to the * of 


i The ſteel holes ü in the chaps wa not to be Sw one-twentieth of an inch i in 
diameter; and though it may be proper to make the ſteef plate, of which they 
are formed, one-tenth of an inch thick, in order to give the ſpring formed 
between them a convenient degree of ſtiffneſs, yet they may be reduced (by cham- 

fering the outfides) to half that thickneſs, 

| + As there 1s not much occaſion for the artiſt to touch his work, the effects 
af that may alſo be very much avoided by wearing thick gloves; and the friction 
being but flight, and the work almoſt continually in the viſe, the variation of 
tetoperature in the metals concerned cannot be ſenſible or conſiderable. 
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FRY holes from the beginning you then 2 in the fame 
manner with the other Pe by 


— ö * 
: - 
- 


Method of grilling the . 


* You are tow prepared to commence the work upon the 
long or hoop-plate ;, and you proceed therewith, in forming the 
firſt hole with the chaps, as before directed by HinDLEY, and 
this firſt hole you call o. You then place the ſtraps one on 
each ſide the hoop, with their gaged edges upward, and put 
the pin through the holes denominated 6o upon the ſtraps, 
and through the firſt hole already made, and denominated o 
upon the hoop ; ; then, bringing the gaged edges of the ſteel. 
Plates to be even with the upper or working fide of the hoop, 
you pinch them together 1 in the viſe, and drill and broach the 
hole through the ſteel plates, which will make the hole, num- 
ber 60, upon the hoop. This done, you put the pin through 
the left-hand hole of the chaps, and the hole marked o upon 
the hoop-plate firſt made, and proceed to drill with the chaps | 
to 59 holes incluſive, which will fill up the whole ſpace from 
o to the 6oth diviſion before obtained, 

| You now again have recourſe to the ſtraps, and placing them 
one on each fide the hoop- plate, you put the pin through the 
120th hole of the ſtraps, and through the hole marked o 
upon the hoop- plate; and regulating the ſteel plates to the 
hoop - plate as before, you drill and form a hole with the ſteel 
plates, which will correſpond with the 120th hole upon the 
hoop-plate; and afterwards filling up the 59 holes wanting; 
by means of the chaps, you then have all completed to the 


120th diviſion, which 1s one-twelfth of the whole circle. 
7 a TIO You 
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8 th en N in like manner, with avother.ſct of 
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| I 20 
. 3 cher Wy placing the 6oth Role of the ff rap aps tot the 1 20th 
bole of rhe hoop-plate, and from it producing the 189th hole; 7 
you, in like manner as before, fill up this 60 with the "chaps ; > 
and afterwards plating the 476th hole on the ſtraps in the 
120th hole on the hoop- plate, vou will obtain the 240th hole; 
o that 1 7 of this lalt TX of 68 Aivitions, you have ob- 
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' * 
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tained 241 holes, including 240 ſpaces or diviſions of the 
hoop ; $ and Pa” this procels ten times mote, you will, in 
Hk ke maniter, obtain 1 1441 holes, comprehending 1 1440 ſpaces e. 
And this proceſt being carried on in ternperate weather, the 
$auner. of working produces twelve fimilar operations, wherein 
the materials and tools concerned will not only be ſubject to 
4 lite. change of "terperatine, but that change, what- 
E Ger it 1s, "will be nearly limilar in each ſet of 120 hoks : 2 
we may, therefore infer, that the greateſt inequality, or. 
indeed any that can be ſeuſible, muſt be at every 60 divif ofis, 
t fa is, between the 59th and 'coth, and between the 11 eh 


aud 1 29th, both which will be equally repeated 2 times, fin the 
Whole length nich 35 "to coinpoſe the eircumſen: ence of a Cir: 
and which 5 thus be checked thereby 1 2 times in the" Ws 
cumference, and 12 times mote at the intermediate diſtances; 2 
that is, with 12 maſter checks, and 12 ſubordinate ones, in 
the whole round. 5 N l 880 
It! 18 proper here to obſctve, that ! in M. ReENME R 's method 
even fixty diviſions could ſcarcely be truſted in an affair of great 
accuracy, on accu of the objections already made, ariſing 
from the points having ſuch flight hold in the furface of the 


braſs ; - but here the parts are held {0 exceedingly firm, and the 


1 Wop 


* It will be proper, for reaſons hereafter to be, mentioned, to continne the 
divific ins to 20 holes more, making in the whole 1401 holes, 
I MW, operation 
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operation. 4 on wy is much power, that any (mall ine- 
quality 1 in the hardneſs of the braſs, or irregularity of furface, 


cannot be ſ ſuppoſed to affect the place o of the center of the hole; 
nor will any ſmall inequality that may be ſuſpected fram the 
wear of the ſteel holes ſenfibly affect the center of the bole, to | 


which every _ 15 ultimately referred. 


| Miſes of joining "i Hop. 


A more W- thought than that of Hinvizy's, for johiklig 
the two ends of the hoop, could ſcarcely have been withed for,. 
in regard to preſerving the ſame equality © of the fpace between 
the holes contiguous to the joint, as in the other parts: for 
though, geometrically ſpeaking, the two faddte plates, i in which 
the little cylindrical bolts are fixed, for bringing the termmating 
holes of the hoop plate to their due diſtance, being one applied 
within the hoop, and the other without, will belong to circles 
of different rad; yet thts difference being exceedingly fmall in 
ſuch thin metal, and ſo great a radius, and one being as much 
too big for the hoop as the other is too little, when the bolts 
are put in, and the hoop in that part ſet nearly to a circle by a 
mould; the mean between them aſſumed by the hoop, from 
the elaſtic compreflibility of the materials, will be the truth. 

It muſt, however, be remarked, that in the uſe of the ftraps, 
the joining of the hoop ſhould not be made at any part betwixt 
an 115th and an 120th diviſion, as ſome equality muſt be 
ſuppoſed there, unleſs the ſaddle plates were adapted thereto, 
The method the moſt eaſily practiſed, will be to continue the 
diviſion upon the hoop, about twenty more than the completion 
of the number intended to form the circle, and to cut off all the 
overplus ones at the beginning. 
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- dle plates I would recommend to contain ten holes” 
KF; 1 1 if the diviſions are carried on to twenty more 
than what will be contained in the circle, there will be a pieco 
containing twenty to cut off; and this again being cut 1n the 
middle will afford ten holes to mak each ſaddle plate; ſo that 
there will be a place for a bolt on each fide the joint, and then 
putting a bolt through every other = ere will be three 
bolts at an end. 
The pieces deſtined for the ſaddle FR, Rs decked, being 1g 
broader than can be admitted when put to this uſe, I would adviſe, 
_ divide the breadth of the plate into three equal parts; and 
with a cutting hook (which perhaps will be attended with the 
leaſt violence in the ſeparation) to ſeparate the two outſide pieces 
from the middle piece: by this means the two ſaddle plates 
(chough double) will occupy one third only of the breadth of the 
hoop in the middle; and two of the pieces cut off being applied, 
one on each ſide of the ſaddle plate on the outſide, will anſwer 
in like manner for the rivet plates. 3 
Ihe laſt operation to compleat the joining of the . is the 
putting on the rivet plates: to compleat this, I would adviſe. a. 
piece of braſs, of three or four inches in length, to be filed fo as 
to anſwer to the inſide of the hoop, when reduced to a true cir- 
cular form; and being three-eighths, or one-half an inch in 
thickneſs, to file the oppoſite fide ſomewhat nearly concentric, 
| thereto; apply the middle of its convex arch to the inſide of the 
hoop at the joint, and then bringing on the middle of one of 
the rivet plates to the joint of the hoop, confine the three to- 
gether by a couple of narrow-chapped hand viſes, leaving a 
ſpace between them capable of receiving a couple of pins as ri- 
vets on each ſide the joint; the holes for the rivets are then to 
be drilled through all, and a little ſmoothed with a broach at 
their 
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r if 5 eng 1 * 
their entry, into which ſmooth taper pins are to be driven; n 
with violence, but moderately, that no ſenſible ſtretchin 8 er 

the ſolid parts may take place thereby ; ;. then cutting off ang 

| ſmoothing the heads, ſhift the viſes ſo as to receive another 

couple of holes, and a third couple in the ſame end of the hoop.; ; 
and proceed progreſſively in the ſame manner, from the middle 
to the other end of the rivet plate ; ; then gently ſeparate the in- 
ternal braſs mould with a thin knife, or ſuch like inſtrument ; 
and cutting « off, apd very lightly ryetting the inner ends, pro- 
ceed to fix the other rivet plate, in the ſame manner, on tlie 
other ſide: by this means the hoop will be firmly. joined in the 

very poſition given it by the ſaddle plates and mould. Theſe 
plates may then be removed, the inſide of the hoop cleared and: 
ſmoothed, if neceſſary; and the outſide will have the middle 
part clear whe the diviſions lie, and that without ſenſible loſs. 
or gain in the juncture. 


Meth of transferrin 8 the Dioifions of the Hoop to a « drviding Plat. 9 


The hoop * thus refitted for the chock, that ſhould * 
turned down to leave a ſhoulder: on one fide, that the hoop, now 
reduced to an equal breadth, may be forced apainſt it; and the 
"diviſions, being equally diſtant- from one of its edges, will be- 
all found in a circle, as if turned upon it. It. ſhould be very 

earefully fitted to the chock, that it may go on with a ſufficient 
degree of tightneſs, and without the neceſſity of much forcing; 
and it will be no inconvenience now, if it goes on upon a very 
flight degree of taper of the chock, as the internal ſpring of the 
materials will eafily accommodate it to this ſhape without-any 
injury to its general truth: a ſlight.degree of a. groove. ſhould 
- be 
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be törhed n Kot boy where. the Mins will come, that any 
comcil pin, that is to ſetve as an index, let drop Into the divi- 

ſions or holes, may not, by reaching through this thin plate, 
abut upon the wood, rather than upon the fides of the holes ? 
aud thus this hoop is made into a wheel of 1440 equal divi- 


Hons, moveable round pon its own axis, whereon it was 
«as 


formed. 
"Againſt the time chat this i 18 compleated, here muſt be pre. 
Sia a flat circular plate or wheel of braſs, the rim of which 
ſhould be of about 37 inches breadth, and about two-tenths of 
4 an inch in thickneſs when finiſhed, to make a dividing plate ; ; 
mae external diameter of this is to be ſuch, that when laid flat 
upon the ſurface of the mahogany platform, its extreme edge 
will exceed the diameter of the hoop by about Half an inch all 
round. There muſt alſo be prepared braſs arms (ſuppoſe eight! in 
number) of an equal ſubſtance with the outer rim, and all con- 
nected with a circular plate in the middle; and, the whole of 
this work being framed beforehand, is to be let on flat upon the 
mahogany platform; whoſe face is ſuppoſed to be turned truly 
flat, andiſufficiently affixed with ſcrews : in this ſituation, the 
outward edge is to be turned, and the outward face of the rim 
turned flat. The center plate, which may be about twelve inches 
diameter, is alſo to be turned as flat as poſſible, and a center 
hole, of about half an inch W to be very carefully turned 
therein. L 
A piece of PO LES e well ſeaſoned mahogany, of 
about two feet long, three inches thick, and five or ſix inches 
broad, is then to be well affixed to ſome part of the general frame 
of the lathe, which muſt now have its poſition altered, ſo that the 
platform will become horizontal; and therefore the frame ſhould 
be 


— 2 11 Boiler, . = 
be originally made with this view . The piece of mahogany 
is to be affixed ſo that one of its larger faces'(ſhall be in a pa- 
rallel plane to the face of the platform, and ſo low as to clear 
the under fide of the platform in its rotation; and fo far diſtant 
from the center, that an index may be fixed upon this upper 
face of the piece of wood, fo as conveniently to drop into the 
| holes of the hoop; ;. While the common cutter frame of a clock- 

maker's engine ſhall be firmly attached upon the ſame face of 
the wood, and ſo fixed as to cut the edge of the dividing plate 
into teeth, anſwerable to the ſeveral diviſions of the hoop. The 
teeth need only to be cut with a common cutter, making a pa- 
rallel notch: and here it will be proper to obſerve, that not 
only both the index and cutter are to be founded on the ſame 
| piece or baſe of wood; but that the 1 nearer they are together, the 
more free they will be from the effects of all variations of ex- 
a en by variations of WN +. 


T be equaliſin g hs Teeth of * dividing Plate 2 | grindin "Ka 


The object of transferring the diviſions of the hoop to the 
teeth of the dividing plate, is ſtill farther to equaliſe the teeth 
by grinding; ; eſpecially thoſe that, falling within the compaſs of 


After changing the poſition of the lathe, the collar of its mandrel ſhould be 
removed, and the neck made to move within threc planes, ſo as to preſerve. an 
exact center, in the manner of an equal altitude inſtrument. 

+ It is proper to obſerve, that as it may be impracticable to get the rim [of the 
dividing plate caſt of the proper fize, in one entire piece, it will be very practi- 
cable, if caſt of a leſs ſize (ſuppoſe half), but of a ſufficient thickneſs, to roll it 
down ; and by having the outward edge originally thicker than the inner, in the 
proportion of the radii, it may be ſo managed by the rollers as to be of an equal 
thickneſs when brought to its proper ſize. But the arms and center plate ſhould 
be of the ſame metal, rolled in the fame degree. 
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each ſet of 120 | diviſion; may be ſuppoſed, if any, to be mended 
thereby; but as it may be incommnodious to conſtru@ a curved 
ſcrew, of fuch a length and ſize, in HIN DIE T's method, as 
would be ſufficient for the purpoſe, I would propoſe to uſe two 
ſcrews of braſs,” cut from a cylinder in the way ſet forth by 
Mr. RamsDen, each of which, with a very little grinding upon 
this large circumference, would lay hold &f ten or twelve teeth 
together. I would place the two ſcrews, that is, their middles, 
to be ninety diviſions aſunder; of conſequence, when one of 
Nl the ſcrews is between the 59th and the Goth, or between the 
= _ 219th and 120th diviſion of each ſet, the other will be in the 
2 middle of the ſpace divided by the chaps only *. 
The threads of theſe ſcrews I would adviſe to be cut a little 
e ſo that as they grind 1 in, they may fill the notches of the 
teeth; which alſo, by this means, will acquire a little tapering 
towards their extremities ? and by cutting the notches parallel, 
as Ihave mentioned, the true ** part will always be certain 
of being at the extremity. 3 

When the ſcrews have been uſed in grinding till they are 
found to have the effect of a perfectly equal and eaſy rotation all 
round, and all the teeth reduced to a ſenſible taper, and regular 
bearing, I would then totally remove the ſcrews from the ſquare 
block of wood, upon whoſe upper face I ſuppoſe them to have 
been mounted; in like manner as I ſuppoſe the index and cutting 
frame to have been removed, to make room for the mounting of 


*The beſt way of giving an * ok to thoſe two ſcrews, ſcems to be by a 
detached axis, carrying two common flat wheels; one acting upon a like flat 
wheel, upon the axis of one ſcrew, and the other, in the ſame manner, upon 
| the other; ang applying the pulley for communicating the power to the middle of 

the detached axis between the two wheels, the ſpring or twiſt will be equal both 
ways; ſo that in turning the * way round, | they will ſtill be in equal 
advance. 


tie Ses 1 1 now Apa — 5 Aidng plate, 10 
formed, as having. all:the equality that the preſent known. ſtate 
of human art has pointed out ; and the whole convertible upon 
the axis or mandrel upon which it has been originally formed, 

and the central hole of the plate concentric therewith; 1 there- 
fore conſider the ground faces of the teeth of the plate as the 
actual diviſio ions. It now remains to ſhew how they : are to de 
transferred, to form the diviſions of an inſtrument. - 


op" 


43 


4 


Preparation 1 : F duke P late for 8 aduaring Inhtruments.. 5 


If a ſmall cylinder of hard ſteel is duly poliſhed, and made of 

a * ſo as juſt to chock in betwixt che extremities of the teeth; 
then the center of that cylindet will be a fixed point, in feſpect 
to the cireumference of the wheel : if another cylinder is applied 
in like manner, at the diſtance of a number of divifions/(ſup- 
poſe i it a prime number, ſo as to croſs all former diviſions; viz. 
17 or 19), then the middle of the line joining the centers of 
the two cylinders will remain in the direction of the Jams radvut, - 
though one of them ſhould force in a minute quantity further 
than the other ; and if a point is aſſumed in the direction of a 
tangent to a circle at this middle-point, then though both-the 
cylinders ſhould drop in a minute quantity farther at one time 
than another, yet the middle-point would remain at the ſame 
diſtance from the point in the tangent; provided that point was 
removed to a competent diſtance, that is, to five or ſix inches. 
On this principle I would conſtruct an index, the two cylinders 
being fixed in a frame, convertible about the middle-point, and 
to be centered in the end of the lever, repreſenting the tangent; 
then this lever being again convertible about the point in the 
—_ line, the middle-point would always have a fixed diſtance 
G 2 from 
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from the bist in che ungent, and there hold-ir | ſteadily faſt ; 


the tangent 128 EW W * the fixed block before 
mentioned. 
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90 " dividing, plate is now ready. for the reception of an 
inſtrument; ; ſuppoſe it a quadrant, whoſe radius, however, 
muſt not exceed the radius of the dividing plate : It is to be 
laid upon the face of the dividing plate, and a weight, or 
weights, equivalent to that of the quadrant, is placed on the 
oppoſite fide, to balance it. It muſt alſo be ſuppoſed, that the 
e c is made with a view to be divided by this engine; and 

conſequently, that the central cylinder is ſo well adapted, and 
nicely fitted to the center hole of the quadrant, that the center 
epligder gan be removed, in order for the limb to be divided, and 
again replaced, without ſenſibly altering its center. This being 
the caſe, let a piece of metal be turned, to apply to the quadrant, 
perfectly like its center cylinder at the upper end, and turned 
nicely to fit the central hole 1 in the dividing plate, at the lower 
end; then, the quadrant being fixed with proper faſtening 
ſcrews, I would cut the diviſions with a beam compaſs; and, if 
a fixed point is aſſumed, viz. the center of the tangent point 
for the index; then the beam compaſs being always opened to 
the computed length of the tangent of the circle of diviſions, it 
will de ſufficiently near for cutting the diviſions, ſquare to the 
circular arches between which they are placed. | 

It will alſo be proper (to prevent unequal expanſions) tha the 
beam of the compaſs ſhould be formed of a piece of clean- 
 graiged. * white fir; and that the length between the points be 
incloſed 3 in a tube of tin or braſs; without touching the beam, 


except 


Gs. Ane — * 

f — terminations, which will in a great meafure protect 
ie from both alteration of moiſture, and of heat from the * | 
of the artiſt, during the operation. . 

It will be likewiſe proper to have a lever, or 05 n 
contrivance, to bring the dividing plate forward ; that after 
bfting- the little cylinders out of the diviſions, and reſting, 
them upon the tops of the teeth, they may be brought gently 
forward with an equal drag, and ultimately ſnap in between 
the teeth, by the ſtrength of the ſpring commanding the index; 
by this, means the — 4 of the n of the whole will be 
22 the ſame ORs 


* 
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Now, if, as it has been ſhewn, a RE WERE of any radius may 
be read off to the 4000dth; part of an inch, then this quantity 
upon a radius of three feet will not be ſo much as 14 ſecond; 
and as the whole of the proceſs is carried-gn by contact, in 
which a greater error than that of a 60,000dth part of an 
inch cannot be admitted in auy ſingle operation, I ſhould 
afſuredly expect a three-feet quadrant, ſo divided, to be true in 
its diviſions, and read off to at moſt two ſeconds. 
But, after all, in an inſtrument like this, I ſhould * the 
e ſource of error to be in the want of perfect coincidence 
of the center of the diviſions with the actual center upon 
which the index revolves; and therefore, that if, inſtead of a 
quadrant of three feet radius, a complete circle of five feet 
diameter was divided, and its diviſions read off from the two 
_ oppoſite points (taking the mean), then the errors of the 
center will be wholly avoided. For this reaſon, I am very 
clearly of opinion, that the ſagacious propoſition of Mr. Rams- 
DEN, 


F » nb o * N 
5 5 D 3 6 uh * , N ” 
F 5 CY : OY * * EA 3 l N th L " 4th 1 i 9 % 1 1 " — FR 
PIES * * * R "OW FF _ = A a6 ag Meds 8 9 . * r * 4 9 ” N y : 
"1 EY u p. 7 P 7 7 * LY ** * 9 * 
8 * * 
. 0 * 4 | % * IN 


= ——— — 1 ws 


Suey to uſe circles inſtead of quadrants; or other portions of 
cireles, will bid much the faireſt for perfoction in actual prac- 
| tice; and that his ingenious method of making them both ſtiff 
—- and light, by the uſe of hollow- conical tubes by way of ſpokes, 
F in the manner ef a common wheel, will enable him to mount 
them of five Feet diameter, wpon hollow axes, in the nature of 
A franfit. By this means we ſhall have all the good properties 
öf both the quadrant and tranſit united in one 3 and 
obſervations both of right aſcenſion and declin tion, through the 
very ſame teleſcope, as long ſince attempted by M.'RozMex ; 
and to a degree of perfection and certainty, in point of decli- 
nation, hitherto unattainable 35 the * inſtruments that 
have yet been made. 


E929 4 9 


N. B. In matters of very nicochiitrindeaice; mall circum- 
Kinrices often come to be of con ſequence; and it is in this view 
that I mention what follows. It was a practice of Hindzzv's 
of many years ſtanding, and ſince followed by myſelf and 
others, wherever he made any uſe of the vernier, to lay the 
vernier plate iti the ſame plane; or cylindrical ſurface conti- 
nued, whereon the principal divifiens are cut. It is of equal 
utility, though the vernier be rejected, to lay the index ſtroke 
in the plane of the diviſions. In this way the divifions- being 
by convenience upon the external border of the limb , 7d 
ſets of diviſions are theteby nen incommodious; but thoſe 


It has hoon objetted, that * UM 3 upon the extreme * of the 
limb of the inſtrument ſubjects it to injury: but, to obviate this, in an HapLE 5 
quadrant made for me, by my direction, by the late Mr. Moxcan, in the year 
1756, wherein the vernier is laid even with the diviſions, thoſe are protected by a 
projection of the ſolid part of the limb, beyond the diviſions ; a Rabber being ſunk 
in the edge of the limb, to clear the vernier. 


that 
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that wiſh two ſets, as a check, will in a great meaſure aid 


themſelves, by reading from two different parts of the ſame ſet 
of diviſions; which is very eaſily provided for, by putting an: 
additional ſtroke upon the index plate, at the diſtance of 9, 11, 
or any prime number of diviſions to 19, 3. or more; and 
reading off from that ſtroke alſo; as before recommended for 
great quadrants, where the vernier is propoſed to be rejected *: 
ſo that they will thereby be mutually checked by diviſions that 
had no corel amd in their original formation, 


© 1 wade not have it . from my propoſal of rejecting: the vernier, 
that I have any quarrel with it; I think it a very ſimple and ingenious contri- 
vance, where it is properly applicable; that is, where the ſtrokes of the vernier, 
or their eſtimated halves, are ſufficient for all the preciſion required or expected 
from the inſtrument, as in Haprtev's quadrants, theodolites, c.: but where 
ſtill more minute divifions are required than can eafily be had by eſtimation from 
the vernier; to do this by a ſcrew, as a ſupplement to the vernier, appears to me 
in the light of bringing a more accurate tool to fupply the deficiencies of one leſs - | 
accurate ; when the former — with more propriety, ſupply the _ of the. - 
latter we. | / 
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u. 4 Series of mung on, 1 4 Diſcovery 7 the Peri 
2 the Variation of the Light of the Star marked 3 by Bayer, near 
the Head of Cepheus. In a Letter from John Goodricke, 
5. to. Nevil —— D. D. F. * 8. * * 
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| H E improvements hich of late years have been i intro- 
KK duced into aſtronomy, ſhould be attributed not only to 
the diligence and accuracy wherewith aſtronomers proſecute 
their obſervations and diſcoveries, but in part alſo to your exer- 
tions, and eſpecially to that kind encouragement which you 
have, on many occaſions, afforded thoſe who make this ſcience 
their chief ſtudy; and I am happy to have this opportunity of 
acknowledging myſelf one of thoſe who are much indebted to 
you in this reſpect. Under theſe impreſſions I thought I could 
not do better than to addreſs to you the following account of a 
periodical variation in the ſtar J Cephei, which I lately diſco- 
vered. This account will, I preſume, be a conſiderable addi- 
tion to the few diſcoveries that have but very lately been made 
reſpecting the ſame ſubject. They may probably lead to ſome 
better knowledge of the fixed ſtars, eſpecially of their conſti- 
tution and the cauſe of their remarkable changes. 
1 | My 
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| * 
My = obſeryation: was Oct. 19, 1784 3; and as 1 wiſhed to, 


eſtabliſh the ſeveral points of the, variation with as great aceu- 
racy as the vature of the ſubject will admit of, I have delayed 


ſending this account till now; but as obſervations made through | 
ſo long an interval of time muſt be very numerous, and would 
only ſwell this paper to an unneceflary length, I have in the 
following ſeries formed a ſelection, chiefly of thoſe that were 
made, under the moſt favourable circumſtances; and I muſt 
add, that none of thoſe that are omitted contradict the reſults. 
From this ſeries I have ſettled, that the ſtar has a periodical 
variation of 5 d. 8 h. 3 1. Say which time it under goes the 


nin changes: E ; 
1. Itis at its greateſt biightaels about one day and thirteen 


hours. | | 
"2. Us dirninution i is on in about We and ackren 


hours. 1 
3. It i is at its greateſt obſeuration about one tay and iche 


hours. Laces 3. 16718 5 
4. It increaſes au about thirteen REY #403; „ $0 
When it is in the firſt point it appears as a ſar of bam 
the fourth and third magnitude; but its relative brightneſs 
does not ſeem always to be quite the ſame, being ſometimes 
between 7 and ; Cephei, and ſometimes only equal to, or ſome- 
thing leſs than, « Cephei, or between 7 Cephei and 7 Lacertæ. In 
the third point it appears as a ſtar of between the fourth and 
fifth magnitude, if not nearer the fifth; and its relative bright- 
neſs is as follows : nearly equal to : and f Cephei, and conth- 
derably leſs than 7 Lacerta. 
The relative brightneſs and magnitude of thoſs * to which 
the variable one was compared, is as follows : 7 Cephei, the 
brighteſt, is between the third and fourth magnitude; Cephei, 
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the next 3 — 18 between the fourth and third 3% Lacertz 
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s leſs than  Cephei, and of about the fourth magnitude; 
Lone is between the fourth and fifth magnitude: and} Ce- 
phi; which” is a ſettle leſs" tha etl is n the n __ 
fourth. „ ene 80H I 1 * Fee, 


As Sie 1 Offervatinn on ; the V, aviation" 2 the Light 7 the 


278, OG.! 19, at 151 h. 1 thought it was rater leſs than 8: 
Cephei. | 


to Cephei. 
OR. 22, at 91 h. leſs than 1 * than « Cepheiz hut 
the air was not very favourable. | 5 
Oct. i; at 65 h. and 11 h. leſs than 7 — 
brighter than « Cephei. Aol 
' OR. 24, at 61 h. leſs than 1 Cephei, — leſs chan 
Cephei, and ſomething brighter th than 7 e reg . 
light, and air rather hay. ; 
At 84h. to 11 b. 4 little leſs. hs 1 e S aud 
brighter than 7 res a clear; and n J the OR.) Was | 
very low at 12 h. 
Oct. 25, at Gh. b h. 041 11 75 nearly. the 
clear, aud moon bright. cd dil 
- OR. 26, at 91 h. — 11 14 rather leſs 2 7: Lacertz ; 
ſtrong moon- light, but air very clear. N ahb aol ld 
OR. 27, 64 b. and . . than 7 - Lacertg, 60 eighter 
than 6 « Cepheiz dito. [ot ag 25 
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but at 104 b. and 11 h. it was eyidently leſs than it;;- air clgar. 


Jt h. to 1210 iy it was TY n 7, nn 
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Ra - wow of 6 Frith ore A ö $1 
T oa. 28. at 91 h. and 12 h. juſt the re 1 
moon - light, · but the air was remarkably clear. 14 
0. 31, a 8 h. nearly equal to. if not leſs then, - Lacerte. 
Nov. 1, at 114 h. ſomewhat leſs than 7 Lacertæ; air clear. 


Nov. 3, at zal h. equal to, if not a little leſs. than, 4 L- 


certæ i but the weather was not very favourable : it ſeemed to 
have increaſed ſince my firſt obſervation, which was at. 54 be 


Nov. 5, at 1 3 h. brighter than 7 Lagertz, and leſs than & 


Cephei; flying clouds, but air pretty clear. - 0 * c: 31 704 
Nov. 6, at 9 h. and 124 h. rather leſs than 7 Lacertæ. "MFR 


Nov. Te: at d h. 1 thought it ſtill rather py than 7 Lacertz, 


© i as 


Ney. 1e, at 14 B. and 122 h. 0 5 5 ets han 1 Gh | 


- brighter than 7 Lacertz ; clear ky... 10 156 


ittle brighter thay. oY Lo 
7 Lacerte. From 


$5 & + 


b. about egual-to. 


Nov. 11, at 7 h. to 12 h. a 
Nov. 12, at h. andi 


mer Bech — — it, . Ator 15 
Nov. 14, at 74h. brighter than «/Cephei, and, L believg, 
equal to 7 Lacertæ. There was, a hazineis about 7 Lacertæ. wu 
Nov. 15, at 12 h. leſs than 7 Cephei, and brighter than 


7 Lacertæ; fine aurora borealis, hut the air was very clear. 


At 181 h. ditto; but the air was not very 1 
Nov. 46, at 64 þ. and 10 b. Joſt. the ſame, if not a 
at 10 h. 
Nov. 17, at 61 h. to 19% b. a tte leſs than 7 Lean, po 
brighter than c Cephei ; air Clear, 1 
Nov. 18, at 9 h. to 12h. and 49h. link rights than. 0 
E Cephei. 


H 2 Nov. 
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Mr. "dion ons 
, "us OY. t 10 h. juſt the — sb bar e 
little bri _ that? Fand E Gephei: aff clear: : 


At rob. W bee being now brightsr chan : 


F Gephti, © = S98l N 191; | tel 26d vince! 4 11 10 1 0 
5 20, 71 070 b confidetably brighticr han — 
ſorhething leſs than FT Cephei; air wrap act at 1 h.. 
Nov:2t,” at 6 h. exattly the fame. a vm eon bets om aver! 


Nov. 25, at 7h. and 8 B. leſs than = e * * 
than = and F Ceplfel; air cler. 
At 91 h. and 92 b. a little brighter than 7 . 75 
At roi h. and 12 h. brigtiter Than ) Laeertæ] and ate 
0 7 Lacerta, Put des nearer 7 _— ; 


air clear and moon-light.”' 18912 : £19925 1 7 gels 192d giid . 


Nov. 26, at c 9 H. eragl Ankh 01 11.4 38 1 I .vOf! 
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Nov. 29, at 75 aud 8 h. KS than 7 Lacerta, and ſornething 


Sheptidiomor err 21 ff 1 on if 5 


Nov. 30, at 81 h. as laſt night; air clear. 13ggnd 
At 101 b. between 7 Lace and + Cephei, bur n neater .. 
At 10% b. 11 h. and 12 h. dittü, but nekrer ) Lacerkæg dit 
clear. F have no doubt 6f ts crete Hnce 83 k. Mr“ E. 
Preor T found it rather lels tan 7 Cepher at 181 k. Se bis 
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Dec. 1, irh. Gmething Teſs chan Cephies, and brighter 
than 7 Lacertæ \. 47 308 3BW 443 209 ννỹji ib od 1 % 


Dec. 3, Tak ho" lefs tan 7 Lacertee, and br ove" than * 


Tephei. 1 
Dec. 4. 51 b. tö 13 b. niet brighter than : and ben . 
Dec. 7, 10h. and 11 h. between 7 Cephei and y Lacertæ. 
Dec. 8, at 10 h. between „ Lacettæ and e Cephei. 25 TONY 
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een 9. it} h dne, but nearer : dete bo equal to & 
Cephei. 181 ft sf iit 81 
Dec. 11, 6 h. fomething leſs than 7 Leere; brighter u than 
« Cephei. ' | 
At 74 h. dg beighter than 7 Lacerte. 
At 81 h. brighter than 7 1 ww 30 
At gh. and 11 h. between 8 Cepbei and 7. Leere, but 
nearer 7 Lacerte. 
Dec. 12, at 6 h. n leſs than 4 Cephei. 50511 
Dec. 13, at gr h. IE" than 85 A ; conbderably leſs 
than 7 Cephei. |. © - 11 
Dec. 14, at 83 h. nearly . to; if not les chan, p Lane 
Dec. 17, at 5 h. and 74 h. equal to, if not leſs than, Ce- 
phei, and between 7 Cephet and 7 Lacertæ, but nearer. - 
Dec. 18, at 9 h. leſs than Wan 3 8 cee 
and 7 Lacertz, but nearer 7 Lacertz- : 112) 1 ® 4 1114 
Dec. 19, at 19 h. leſs chan 7 Lebe 3 bee brighter 
as and Z'Cephgiy- 30 / in: 0 bac s acds 
Dec. 20, at 6h. and 7h. about equal 0s f cha. — a 
little deer than e.Cephez. : i. 11 2d: 
Dee: 21, at 8 h. and 18 deazäyagiabralsGepbeh. TA 
| Dee. 22, at 81 h. conſiderably brighter than 7 Lacertæ, leſß 
tian , and a little leſs thaw / Cephei ; ſtrong moon light.? 
Dec. 25, at 51 h. between 7 Lacertz and : Cephei. Alge 
Dec. 28, at 8 h. &c. wee "4 Ares and 7 Ln, and 
equal to, if not leſs than, Cephei. Pe boot alas 1 


bd 


Having, in the, beginning of this paper, meiltioned my 
intention of omitting ſeveral obſervations, in order” to be a8 
ſhort as poffible, 1 [ have thought 1 it beſt, with the oxceb on of 


one only, to leave out all that were made in fanvaty, Fabru, d. 
and 


a0 Mich, — woos eek interrupted by de den 


ther was hot yery favourable. 
peil $, at 74h. confideratily leſs than 4 Cephei, var 


little brighter than E Cephei. 


| little brighter than £ Cephei. 


e N ſtate of the weather. * 4.4: 256 
NG 2% M114: WD 2s 4 | N . TY 
. 178 5, Feb. 8, at 9h. equal 99 Lacertz; confiderably leſs 

than Cephet, METS e 1 37 36 


At 10h. rather wire alot w: dgind > ; 
At an b. brighter than 7 Lavertz;; a little leſs than F Cepbei. 
April 1, at 11 h. about * to s and £ G w 


EW t 5 35.05 406 


Y ; , . * * ” A — — 


April u, at 11 h. PIG £137 26317917 
April 3, at $ h. a little leſs than Cephei, lf than e Gba. 

<Q brighter than ) Ladet. t 

Ae 4, at 32h. . if 497 v thing, it Fu 1h cha 

laſt night. // i! HQ (241 Ke ' 

April , at 10h. aka val to aol Cephe 3. bat I 


7 


than « and Z Cephei; but the a air was not cry rn 
Ar 10h it wasancieaſed. 
At 11 h. only a little leſs * fn Cephes.. 911111 
At 12 h. equal ta, if mot a little — abe 15 and 
chin C'Cepher; conſiderahly brighter than Lacertæ. 

April 12, 1 * „. and * are 


gen 13, at oh Jun dhe le 5 = ys 
At 11h. ſeemed rather increaſed, being equal to 6 rt 2 
Apnl 16, at 113 h. nearly equal to 8 and, 7 Cephei. __ 
April 17, at 9 h. and 11 h. rather a little lels than „ and a 


at 


% Voriable Stare) +; * 
ai 19, at eds may San to 4 Cephei, if not a little 
brighter than it; leſs than G — and confiderably brighter 
than 7 Lacertz. K; 
April 24, at 10h. a little brighter than 7 Larkin ond 
derably leſs than : Cephei. 
At 12 h. ſcarce at all altered, but if any thing it is a letl 
increaſed ; air very clear, and obſervation good. 
April 25, at 10 h. and 114 h. little leſs than Cephei, and 
conſiderably brighter than 7 Lacertæ. 
April 26, at 10 h. and 11 h. leſs than 7 Lacertæ, ſomething 
brighter than e, and brighter than F Cephei. 
May 4, at 91 h. and 12 h. a little leſs than « and g Cephei. 
May 7, at 12h. leſs than Cephei, and a little brighter 5 
than 7 Lacerta. 
May 9, at 11 h. a little leſs than Cephei. 
May 10, at 12 h. between 7 Lacertæ and e Cephei, | but 
ſomething nearer 2. 
May 11, at 10 h. and 12 h. ichen how. ; Cephei, leſs than 
F Cephei, and much brighter than 7 Lacertz. 
May 14, at 114 h. much leſs than 7 Lacertz, . to, if 
not a little brighter than, « Cephei, and brighter than Z Cephei. 
May 15, at 93 h. leſs than e, and about equal to ᷑ Cephei. 
May 19, at 91 h. and 11 h. equal to, if not a little * 
chen, « Cephei, and brighter than & Cephei. 
May 20, at 91 h. 11 h. and 12 h. a little bf than e, 1 
nearly equal to 5: Cephei. 
May 21, at 12h. equal to, if not a little leſs ha ; Cephei; ; 
leſs than 7 Cephei, and conſiderabiy brighter than 7 Lacertæ. 
May 22, at 10 h. and 5 b. a little en than Cephei, 
the reſt as laſt nicht. | 


May 23, at 11 h. and 11 b. nearly equal to 7 7 Locene, and 
leſß than, Cephei. 


May 
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1855 155 FE Offiveltione by 
"May 25, # 10 R. and” 12K. * 2 ' lels ta 0. +, and about | 
edu to Cephei. Ke ann 

May 27, at 10h. between : 14 i Sende, and conf derby 
brighter than Lacert. | 
May 28, at 12 h. between Cephei and pI ankle; 145 
June 1, at 91 h. I thought it leſs than N . air hot | 
Clear, and twilight pretty ſtrong. 

At 10h. and * berween # Be and q cen but rather 
NEATET bo | 


June 2, at 12 h. e the ſame. 
June 6, at 12 h. ditto ; the weather was not very favoura- 


— * 

* * 
* 3 
; ae © a 


June 10, at 111 h. a little leſs than e Cephei. 

June 12, at 11 h. between Land Cephei. Eh 

June 21, at 10h. nearly equal to, i not a very” nale 
brighter than, : Cephei; ; twilight. 

At 114 h. a little leſs than e, and about wt to 0 Cephel. 
June 23, at 114 b. between * and ; ; by ow and . 
than 7 Lacerte. neee ). 
June 24, at 114 h. ditto ; only a Bert view. 35 erer 
June 25, at 111 h. a little, but certainly, brighter has e 
Cephei, brighter than 2 * and re * than 7 


Lacertæ. r 
June 26, at 114 h. a little leſs chin : Cephei, and equal R 8, 


7 


if not a little brighter than, E Cephei. 


In the above collection I find only two or three miſtakes of 
any conſequence, * viz. the dates of the obſervations of April 
7, and 8, are marked in my journal for April 8, and 9; ; butT 
have corrected them, being convinced they are erroneous : and 
the obſervation of May 10, I think, diſagrees rather too much 
from what it ought to be by computation. 


The 


we g aach 5 ziel x! by e's” Fug: ü d 181. TR 
_ Phe following obſervations r. e F . k. . 
Proorr; who, at my bſ: 


may a8 hben 25 quſile, though then in an ill Rate of — 


ithe ſtar as above ſtated, althongh i in one or two places os 
may be found ſome little differences between our r obſervations. 
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They are, I preſume, duden to corroborate the variation, f 


NI. rioor rs OBSERVATIONS. | | 


1 O. 2 6 at 12 h. ihe brighter than 7 1 A 
much brighter' than « Cephei, and much leſs than 8 be 
mw between Z Cephei and 7 Lacertæ. | 

Oct. 26, at 12h, ſeemed the ſame as yeſterday. 5 
Nov. , at 12 h. brighter than 1 1 ſeemed rather leſs 

than 7 Lacertz. 

Nov. 13, at 84 h. rather, but very little, brighter chan E 
Cephei.; lefs than 7 Lacertz. , 
Nov. 15, at 12 h. ſeemed rather brighter than 7 Lacerte, 
and leſs than 7 Cephei. 

Nor. 17, at 8 h. leſs than Ee. rather brighter than * 
Cephei. 
Non. 18, atianly equal toe Cephei, though fornetimaes | it 
ſeemed leſs; leſs than pLlacentz.... 

Nov.>19; at 12h. ſeemed equal to Cephei. 

Nov. 20, at. 11 h. rather leſs chan 2 Cephei; brighter than 
3: Lacertæ. 3 

Nov. ab, at 111 * if not equal rather brighter than 7 La —_ 
_certzz; much brighter than e Cephel , _ oy 9th in 
Nov. 29, at 8 h. equal toe Cphei. * 

Nov. 30, at 113 h. brighter than « . \cks than , 8 
Vol. LXXVI. I At 


o 1 
* " "wa 
2 * * 


. 115 1 increaſed; rather tes than be. "ves 
© Dev: 4, /ar'6 ines „ — 
es brighter, 8 rod 
Dec. 17 ey lefs than you Lacerte M nate bright than 
Þ Ge eder 5 | 
UE 72 Ke 113 h: rather brighter than 7 Le; not at: its full 
: _ F le : 
Dec. 21, at 7h. if any Affrencs leſs than e cane 
At 181 h. a little brighter than « Cephei. 
Des. 22, at g h. leſs than £ dere a lirtle — than 
Dee. 28, at 51 


view of them. 
„ April 26, at fig h. leſs than 95 rather leſs tha 7 Ce- 


phei, brighter than « Lephei, and if any dißtrence rather 
brighter than 7 Lacertæ. 95 

May 4, at 91 h. much leſs aan 7 Cephei, le n Cephei, 
nd than 7 Lacertæ, and rather brighter than « Cephei. 3 
May 7, at 11 b. rather Tefs than . n and brighrer than 


— n « Cepbei. 


May 9, at 113 h. rather brighter than £ Cephei, and much 
leſs than Cephei, and 7 Lacertæ. | 

May 11, at 101 h. rather leſs than . and Adder brighter 
1 4 Cephei; 3 much brighter than 7 Lacertæ. 1 

May 19, at 10 h. equal to « Cephei, but if any &iference 

father brighter; little - hazy and moon-light. The fame at 

1 73 h. but the weather was not hazy then. 

May 20, at 117 h. and 124 h. father brighter than E. Cephei, 

and much leſs than 7 Lacettæ; moon- light ſtrong. at 112 h. 

EE May 2 25 at 123 b. equat to 5 Lacertæ; leſs than Cephei. 

. | 1 F7; J. May 


4 12 
4 4 + 
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K. neatly equate to 4 va: bad only a ſhort 


- — 1 


9 


ee 
My 125 ft 121 h. equal 6; i noe brighter than, 
ny brighter than ; Cephei, + 
eat 112 ſeemed 
cally leſs than, Cephei and 


ig 9 now delivered the obſervation s, from 


have deduced the preceding concluſions, be 8 more and | 
to this ſubject remains to be mentiohed, except the. deterwina- 


* 111 


tion of the period; in the doing of which 1 muſt follow nearly 
the ſame methods as have been uſed in ſome preceding Papers. 

It is very evident, from a rough calculation, where ol in 75 
periods or very ſhort. intervals are uſed, that it f 15 about f We 
days and eight hours, In order to determine this pe riod with 
greater exactneſs, T have, i in the following table, callats] 78 

of the moſt preciſe phaſes. The firſt five are times when T Ce- 
Phei was ablerved to be equal to 7 Lacettæ during t the courſe of 
its increaſe of brightneſs, which proceeds rapidly, The five 
next are ſiinilar times, with this only difference, that as it was 
not then actually obſerved to be equal to 7 Laferte, A proper 


dwance from the neareſt obſervations was made on ſuppoſe 


1 
_ 


1 * ls * 7 


en . 


7 1 


allowance 
tion that the changes are ſimilar in every period. The ten kh 
are aſſumed times between its leaſt and greateſt drightnei 
N which determinations can hardly err more than a few hours, as 
the whole increaſe is completed in thirteen hours; but even 


were it ſo, the — — them man full ba _ 
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N few curſory remmarkiantiniconthbice! this Paprr. What 
have before mentioned, that che greateſt brightneſs of J Cepheĩ 
does not ſeem to be always quite the ſame, is not peculiar to 
this ſtar, but is alſo to be obſerved in the other variable ones. 
I have remarked in a late Paper, that the greateſt brightneſs of 
9 Lyrz is ſubje& to confiderable alterations, and thought then 
that might be owing to ſome fallacy of obſervation ; but now 
: I: Ib 


— 


1 have reaſvi to-alter, i in ome meaſure, r my opinion on this 
| Head. Even Algol does not ſeem to be always obſcured in 


brighter than e Pender, "and ſometimes' leſs.:than it u. Theſe 
ſeeming irregularities, howeves, do not appear to affect the 


its great northern declination i is ſuch, that its changes may be 


the fame degree, being perceived to be ſometimes a little 


period ; for if we compare the ſame preciſe phaſes together, it 


will be found, RP regular: This may; I ſuppoſe, be accounted 


for, by a rotation of the ſtar on its ais, having fired ſpots that | 
vary only in their fize. 


I need not ſay, that the ſituatian of: 3 Cepdei, on account of 


obſerved with great adyaptage in theſe latitudes, it being abways 
fafficiently elevated above the; horizon. To this.gircumſtance are 


a owing its various changes of poſition, which, 1 find, 
affect the comparative brightneſs of the ſtars a little; hut, as 


theſe differences an very Pars 1 ſhall, take 80 er, notice 
5 of them. 


.A 


41 Ss » 
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If you think 75 ape enn of. notice, 1 27 you will 


be fo kin u3ito communicate. it to the Royal enn 


1 remain, wit e regard, Ke. 
Wie e b v GOODRICKE. 


Iiils3-m $5544 36) n V 4 II. 5 5 * 
This will appear Fram. an attentive. examination: & the obſervations of that 
"Re s diminution in, my. two late Papers, which were printed i in the LXXInad and 
LXXIVth volumes of the Philoſopkical Tranſactions. I did not take much notice 


of it then, becauſe I thought the difference was too ſmall to be relied on; but the 


little unequally. een, in a letter white Mr. E. rr. mentions the ſame 
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obſervations. I' have made fince. ſeem to confirm. that it does really diminiſh a 
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HE Ae of 18 lecküre is to ab the Properties ot 
ſome metallic ſubſtances'with teſpect to magnetiſm; and 


the experiegents herein related ſeem 1 to aſcertain! oe new and | 


The magnetic Pepi have deen —otibrally thi iti to 
belong only to iron, or to thoſe ſubſtances which contained that 
metal; comprehending under the general name of iron hot 
only the metal commonly ſo called, but like wife i its more per · 
fe& and more imperfect ſtates, vis. ſteel, iron gres, amongſt 
which 1s ; conſidered the magnet, and the calces of iron, except- 
ing only thoſe which are very much dephlogiſticated, for they 
poſſeſs no magnetic property whatſoever. Some other metallic 
. ſubſtances, and eſpecially platina, braſs, and nickel, on Which . 
the magnet has ſome action, were thought to be magnetic ſo 
far as they contained ſome portign of iron, the preſence, of 
which .may be manifeſted by chemical methods in many caſes, 
but not always; ; becauſe the quantity of iron may be ſo exceſ- 
ſively ſmall in proportion to the weight of the other metal in 
which it is concealed, as not to be diſcoverable by e chemical 


analyſis, and yet it may be ſufficient to affect the magnetic 
needle. 
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* e 2 prong * Turkey dale, which weighed 
about an ounce, I examined it by a. very ſenſible magnetic 
needle, and found that it had not the leaſt degree of mag- 


netiſm, the needle not being moved from its uſual direction by 
the vicinity of any part of the ſurface of the fone; I then 
weighed a piece of ſteel with a pair of ſcales that turned with 
the twentieth part of a grain, and afterwards drew one end of 
it over the ſurface of the ſtone in various directions. This 
.done, the piece of ſteel was weighed again, and was found to 
have loſt ſo ſmall a part of its weight as not to be diſcernible 
by that pair of ſcales; yet the Turkey-ſtone, which had ac- 
quired only that ſmall quantity of ſteel, affected the magnetic 
needle very ſenfibly. Chemiſtry ſeems not to afford any means 
by which ſo ſmall a quantity of iron may be deciſively detected 
in a body that weighs one ounce. Hence it follows, that 
though no iron is to be diſcovered i in a body by chemical me- 
thods, yet it ſhould not be concluded, that the ſaid body, if it 
affect the magnetic needle, does not own its magnetiſm to ſome 
ſmall quantity of iron concealed in its ſubſtance. 
Nickel is a metallic ſubſtance which has been ſuſpected to be 
= capable of acquiring ſome degree of magnetiſm independent of 
iron; and this ſuſpicion has been founded upon obſerving, that 
nickel retained its magnetiſm after having been repeatedly. puri- 


fed. There are, however, perſons who have denied the 


f magnetiſm of Purified nickel; and I have ſeen ſome pieces of 
it which did not in the leaſt affect the magnetic needle. It is 


. Probable, that thoſe pieces were not pure nickel, and perhaps 
| o See Kixwan's Mineralogy, p. 342. and 367. 
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properties of braſs; and they to prove, that this ecom- 
pound t metal, Which is often magnetic, does not owe its mag- 
1 netiſm to iron, but to ſorne particular configuration of its com- 
= ponent particles, occaſioned by the oat method of "Tnrduning _ 
1 it, "which is by hammering. 
In ſome: ſpecimens 'of braſs, and eſpecially in -that N has \ 
often paſſed from the wotk-ſthop to the furnace, and from 'the 
latter” 5 the former, there: are ſometimes : pieces of iron ſeufible 
not only to the magnet, or the chemical analyſi s, but even to 
the fight, which render the braſs ſtrongly magnetic. But the 
braſs generally uſed in my experiments was Tk da, when _ 
ſolt, it had no ſenſible degree of magneti m. 
Before we begin with the narration of thoſe experiments, it 
will be proper to deſcribe the magnetic needle F generally uſed, 
which is ſuſpended i in a particular manner; and which may be 
uſeful to perſons who are fond of making magnetic experi- 
ments, not only for its ſenvibility, but n bor: the . 
city of its conſtructiorn. 
Experience having fhewn, that ys magnetic needles are 
not proper for experiments wherein a very ſmall degree of mag- 
netiſm muſt be aſcertained, and the free motion of the uſual 
| ſmall needles being proportionally more obſtructed by the nature 
| of their ſuſpenſion, even when furniſhed with - agate caps, 1 
endeavoured to contrive a ſort of ſuſpenſion which might an- 
{wer the purpoſe better than the needles ſuſpended in the uſual 
manner; and, after ſeveral attempts, at laſt I conſtructed a chain 
— 


inch in diameter; and the extremities of each piece of 
which i is formed in a ring, are joined by a knot, ka Ceed) by 


a little fealing-wak, The fink on one end of this e ain 1s 4 


ne, or ay ſuppo it chat wa may 
4 


ſu {pended to a piu in a proper fra 
de at hand ; Aich t to the link of the other extreinity which be 


NP 


fowtrnioſt, à piece of fine filver wite is hooked. his! wirs 10 | 
about an fac” td z half long, and its lower extremity. 7 


faſtened round 4 fmall ahd eylndrical piece of cork, through 


horizontally. Thus the ma guetic ee Ie is ſuſpen ded b 

Bal Chain, "Mp links of Ubieb, on account of the 41185 th 
and lightneſs of the hair, move vety freely in Uh pe, ther, 
allow the need! more than'a whole revolution' tour ce 
with 10 ſmall a deglee ce of krickton as thay be confidered nex 25 
nothing. © By comparing this needle. 81 5 others e 
ſort in uſe, of find the former to be much more ſenkib "for 


when, zodies which have an ; exccddin gly * Catt magnetic FIT | ver 1 
are ttied, this n. nee e will be fre: equettly a agg by thi m wh en 
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the others are not fenſibly affected · 


In order to try farther the Keil of fuck ſuſpe penſic jon 151 
kues a piecb of Lare plafs under the needle, a 10 Tf 
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Now, as 4 fine line had been previouſly marked or on the glaſs, 
things were ſo diſpoſed as that the 1mage of the needle might 


cointide with the line marked on tlie glaſs, the eye being 8 5 


in a proper point of view; afterwards, by ſhaking the "'needl 


either very gently or very quickly, I repeatedly ade 
voured to place it out of the magnetic meridian; but every 
Vor. LXXVI. K 


Wich — 5 common ſewing needle, mac e Tnagnetie, is 5 \ 


of the at 


er ſo that the image of the needle was Len in _ 
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endeavour proyed ee . 5 ar conſgnly fled 
iy the ſame fbr without apy ſenſible ten. 

WEI a | peedl le th Du, foley need. 2 A varjation compaſs: might be 
1 eafily 90 con Rep, 4 and it would g chaps, be. more acqurate 


3 * \ thoſe pit e,,.common! Y..in uſe... F or his 2 purpoſe. I e .ngedle 
= | ought to be ” about t ; IKE. inche 8 10 US, ma the (RY Ef, looking: 
3 E ought ae ep. Upon the index, of an ere eren 
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” and very accurate: and, 


ö 8 py e frame may be made of any. ſize, tl ere would be pon ne: ; 
| WV a he 1 | 

| Foy of, Placing any brass oc other metal ſo near the needle. as 

a | ght affect! it. in, caſe this metal ] had any engl, which | 
4 8 bap Pe ITE with braſs. 139 4874 er D810 


In. order to examine the magnetiſm of —— ſubſtances, 4 | 
es che above deſcribed needle, 1 uſed to put a ſmall magnetic 
nee dle upon water, and then bring the ſubſtance to be exa· 
mined near it, or place the ſubſtance itſelf upon water, 
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A fe yours ago, being intent on making ſore magnetic 
experiments, it which braſs was concerned, I ufed to examine 


firſt whether the pieces of braſs had any magnetiſm or not, and 


rejected thoſe pieces which had an evident degree of that 
power. In the courſe of thoſe experiments I remember to have 


| obſerved, that thoſe pieces of braſs which had been hammered 
were generally magnetic, and much more ſo than others; in 
 conſeq! 
thoſe experiments. But lately, having ordered a theod 


ace of Which I made no uſe of hammered braſs in 
lite at 
a philoſophical inſtrument ſhop, F particularly: enjoined” the 
workmen to try this braſs, both: ſoft and hammered, before they 


worked it, and to make no üfe of that which had any mag 
netiſm. They found, that hammered braſs, even ſuch as 
before the” nene had no magnetiſm; could afterwards 


dle very e Theſe obſervations 
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An e piece of braſs, wel bing abewhat lefs than 
half an ounce, being examined by preſenting every part of its 
ſurface to the ſuſpended needle, ſhewed no fign of magnetiſm 
whatever. It was then hammered for about two minutes ; the 
conſequence of which was, that it became magnetic ſo far. as 
to attract either end of the needle from about a quarter of an 
inch. This ſame piece of braſs being now put into che fire ſo as 
| K 2 to 


EXPERIMENT. 3 


80 N di by's which cet it.» pieny : fofteved, and v * 

cold being preſented to the ſuſpended needle, its magnetiſm 
was found to be entirely gone. Hammering made it again mag- 
netic. Softening. by fire took the. magnetiſm, away A, ſecond 
time; and thus the magnetiſm was repeatedly given it by 
hammering, and was deſtroyed by ſoftening ;- ſometimes ſhew- 
urg to have acquired a ſenſible degree of an mn even 
after two or three ſtrokes of * 1 i art f 
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one to ſuſpeR, that the hammer and anvil might have im- 
parted fore, ſmall quantity of ſteel to the braſs, which ren 
dered, i it magnetic; and that this magnetiſm was deſtroyed 
in ſoftening the brafs, inſomuch. as the fire calcined the ſmall 
quantity of ſteel that had adhered to it. In conſequence of 
Which conſideration, I: took other pieces of braſs beſides that 
uted before, and hammered them between card- paper, chang- 
ing the pieces of paper as often as was veceſary, fince they 
were eaſily broken by the hammer; but the pieces of braſs; 
became conſtantly magnetic by the hammering, a and. their mage 
netiſm was deſtroyed by fire. 

In this experiment I 5 gave to the braſs not above 
thingy ſtrokes with the n. = 
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Still neden chat the hammer _—_ the anvil might have 
imparted ſome ſmall quantity of iron to. the braſs, becauſe the 
pieces of cardepaper ſometimes were broken by the firſt or 

: | ſecond 
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ſecond ſtroke, in which caſe either the hammer or the anvil 

touched the braſs; I hardened a piece of braſs by beating it 
between two large flints, viz. uſing one for the hammer, and 


the other for the anvil; The piece of. braſs became magnetic, 
though in this caſe it ſeemed to have acquired not fo much 
power as when it had been hardened with the hammer; but 
it muſt be obſerved, that the flints being rough and irregular, 
the piece of braſs could not be hardened by them ſo eaſily, or 
ſo equally, as by the other method. 
1 flints, being examined both before and after the experi- 
ment, were found to have not the leaſt degree of magnetiſm. 


EXPERIMENT IV 


by piece nf braſs, which by ties: þ had been adi 

* ſtrongly magnetic as to attract either pole of the needle from 
about a quarter of an inch, was put into a crucible, together 

with a conſiderable quantity of charcoal duſt, which ſurrounded 
it every where. - The crucible was covered with clay, and 
being put into the fire, was kept red-hot for about ten minutes. 
| After cooling, the piece of braſs was taken out of the crucible,. 
and being examined, was found to have entirely loſt its mag- 
netiſm. The object of this experiment was to aſcertain whe - 
ther the loſs of magnetiſm, in a piece of braſs that was 
ſoftened, was owing to the calcination of the ferrugineous par- 
ticles, which, notwithſtanding the preceding experiments, 

might ſtill be ſuſpected to be imparted to it; becauſe in this 

way of ſoftening the braſs, the ferrugineous particles being 
ſurrounded with charcoal duſt, could not have been. calcined ; 
hence the braſs ought not to have loſt its magnetiſm, which 
was not the reſult of the experiment. 
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EXPERIMENT v. 


F braſs which had a uſed for * 
Main experiments, and which had been deprived of mag- 

netiſm by fire, was hammered between two large and pretty 
thick pieces of copper, which were not in the leaſt magnetie: 
and, after a few ſtrokes of che hammer, it it became ſenſibly 

magnetic. 7 yd 25, eee © 


"Shim: of thoſe pieces 


EXPERIMENT VI. 


In ; to examine the difference of this property in braſs of 
various kinds, I have tried a great many pieces of Engliſh as 
well as foreign braſs; ſome of which was very old, and ſo 
ſme and uniform, that an eminent wateh- maker of my ac- 
quaintance uſed it for the very beſt ſort of watch work. But 
IL find, that they moſtly have the property of beeoming mag 
netic by hammering, and of loſing that power when ſoftened. 
There are, however, ſome pieces which acquire no magnetiſm 
by the hammering, though they are rendered equally hard by 
it as thoſe which acquire the magnetiſm. By attentively exa- 
mining them, I have not yet been able to diſtinguiſh, without a 
trial, which pieces are capable of acquiring magnetiſm, and 
which not; the colour, apparent texture, and degree of ducti- 
lity ſeeming to afford no ſure indication. In ſhort, what I- have 
obſerved relating to the magnetic properties of braſs is: 
1ſt, That moſt braſs becomes magnetic by hammering, and 
loſes the magnetiſm by annealing or ſoftening in the fire. 
Adly, That the acquired magnetiſm is not owing to articles 

of iron or ſteel imparted to the braſs by the tools employed. 
3dly, 


Epen, and —— . ; 7” 
Zdly, Thoſe pieces of braſs which have that property, retain 
i without any diminution after a great number of repeated 
trials, vis. after having been repeatedly hardened and ſoftened. 
But I have not found any means to give that 8 to ſuch 
braſs as had it hot naturally. 

4thly, A large piece of braſs has generally a magnetic power 
ſomeyrhat ſtronger than a ſmaller piece; and the flat ſurface of 
the piece draws the neeedle more forcibly than the edge or 
cogner of it. 8 

Sthly, big only, ene end. ** a 1 piece of braſs 05 ham- 


. ry 8117 


| and not. the reſt, A o 2 10 8086 215: 
. 6thly, The. magnetic power Which braſs: acquires 7 ham- 
mering has 2 gertain limit, beyond which it cannot be increaſed: | 


by: farther. hammering. This limit is various in pieces of n 
of, different thickneſs, and likewiſe of different quality. 

a a Though there are ſome pieces of braſs heli * 
not the property. of being rendered. magnetic, by hammering; 
= all the pieces of magnetic braſs, that I have tried, loſe their 
magnetiſm. by being made red-hat, excepting indeed when ſome 
piece of iron is concealed , in them, which ſometimes occurs; 
butin this caſe, t the piece of braſs, after having been made red-hot 
and cooled, will attract the needle more forcibly with one part 
of its ſurface than with the reſt of it; and hence, by turning 
the piece of braſs about, and preſenting every part of it ſue- 
ceflively to the ſuſpended magnetic needle, one may. eafily 
difcover in what part of it the iron is lodged. 

From thoſe obſervations it follows, that when braſa is to be 
uſed ſor the conſtruction of inſtruments wherein a magnetic 


needle is concerned, as dipping needles, variation compaſſes, 


&c. the braſs ſhould be either left quite ſoft, or it ſhould be 
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— then that end alone will diſturb. the Iu * WT 
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|  netical, except otily ſometimes in ſuch places 'w 
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The test of the experiments on braſs mddced 45 to tha. 
mine other metallic ſubſtances, and eſpecially its — 
Bix. copper and zinc: though the reſult of the experiments has 
not been very remarkable, excepting with platina, which metal 
has properties in great meaſure analogous to thoſe of braſs, © 
Having examined various pieces of copper, by means of we 
ſuſpended magnetic needle, and having never found them mag- 
which had beety 
filed, and where fone particles of ſteel might have been left 
by the file, I nent proceeded to hammer ſom pieces of it, not 
only in the uſual way, but likewiſe between 5 the reſult, 
however, was very dubious ; for though, in gt ral, they had 
no effect whatever on the needle, yet ſornetitnies wg thought the 
needle was really attracted by fome pieces of Hatnitiered copper; 
but then this attractive ow was ſo exceeditiphy f dall as hot 
to be depended 8 . 
Zinc, either not Na or hammered as ned as &uld be 
done without breaking it, ſhewed no ſigns of tnagnetiſth what- 
ev er, when preſented to the magnetic needle. A mixture of 
zinc and tin neither had any action upon the needle. 

A piece of a broken reflector of a teleſcope, which conſiſted 
of tin and copper; a mixture of tin, zinc, and a little copper z 
a piece of filver, both ſoft and hammered ; à piece of pure 
gold, both ſoft and hammered; a mixture of gold and ſilver, 
both hard and ſoft; and another mixture of a great deal of 

I | ſilver, 
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Glver, a little copper and. a leſs quantity of gold, either be- 

fore or after hammering, had not. the leaſt action on the * 
netic needle; 
Platina was the metal I laſt . ind the experiments 
made with it ſeem to deſerve n attention. 


— 


IKE AIM ENT K 
A le piece of platina, which; after being precipitated roch its 


| folution in aqua regia, had been fuſed, or rather coricreted toge- 


ther, being prefented to the ſuſpended” magnetic needle, ſhewed 
not the leaſt ſign of magnetiſm. It was then hammered ; but 
after the third or fourth ſtroke of the hammer it broke into 
many pieces, ſeveral of which being tried, ſhewed no magnetiſm, 
nor could any of the fineſt particles be attracted by the magnet 
preſented very nearly over them. The broken ſurface of this 
piece of platina was full of cavities, ſome of which were large, 

and others juſt diſcernible ; and altogether the metal ſeemed to 
have W d an imperfect fuſion. 


EXPERIMENT 


The grains of native platina were We next, by put- 
1 e a magnet juſt over them; but the magnet attracted not 
above ten or twenty particles out of about half an ounce of 
vin: : and thoſe which were attracted had either little or no 


ſhining metallic appearance like the reſt, and were exceedingly 
ſmall, — — 3 


EXPERIMENT. 1II. 


 Haying picked out ſeveral of the largeſt grains of pla- 
tina, I preſented the magnet to them; but they were not 
Vor.. LXXVI. 1 4 in 
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in the leaſt attracted by it. Obe of thoſe grains was then 
hammered; by which means, after about eight or ten ſtrokss, 
It was ſpread into a plate, about a tenth of an inch in diameter, 
and nearly circular; ; afterwards the magnet being preſented to 
it, the former attraQted i it from the diſtance of about one-twen- 
tieth of an inch. The other grains being all hammered one 
_ after the other, were rendered by it ſo far magnetic as to be 
attracted by the magnet, and to diſturb the ſuſpended needle 
when they were preſented toit. But there were ſome amongſt 
them which acquired no magnetiſin at all, though they had 
been purpoſely hammered much longer than the others. 

As far as I could obſerve, thoſe pieces which would not ac- 

quire any magnetiſm by hammering, had not a very ſhining 

appearance before the hammering, though afterwards they 

could not be diſtinguiſhed from the others by their appearance; 

| and they ſeemed not to ſpread under the hammer ſo eaſily as the 
others. 1 | 

In general three or four ſtrokes are ſufficient to render a grain 
of platina evidently magnetic, but about ten ſtrokes give it the 
full power it is ſuſceptible of. 


— 


EXPERIMENT 


IV. 


Thoſe grains of platina, | which | in the preceding experiments 
had been rendered magnetic by hammering, being put upon a 
charcoal, were made red-hot by means of a blow-pipe; and 
afterwards being preſented to the magnet, and likewiſe to the 
ſuſpended needle, they ſhewed not the leaſt fign of magnetiſm, 
Heat, therefore, deprives them as well as braſs of the mag- 
netiſm acquired by hammering. A ſecond hammering ren- 
dered them magnetic, though not ſo quickly, nor to ſo great a 
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 Jegree, as it had done the firſt time. However, it muſt be ob- 

ſerved, that the pieces of platina having been rendered flat and 

thin by the firſt hammering, could not be ” W ſtruck, nor 

ſpread much more, by the ſecond. 

If it is true, as thoſe experiments ſeem to prove mat a 
doubt, that magnetiſm may exiſt, or may belong to other 
ſubſtances, independent of iron, it ſmuſt follow, that the 
attraction of a few particles of an — ſubſtance by the 
magnet is not a ſure ſign of the preſence of iron. Hence thoſe 
ſubſtances, which hitherto have been confidered as containing 
ferrugineous particles, for no other reaſon but becauſe the mag- 
net attracted a ſmall quantity of them, muſt be conſidered as 
dubious; and the concluſion of the exiſtence of iron ſhould not be 
admitted, except when thoſe particles, which have been ſepa- 
rated by the magnet, appear to be iron by ſome other trial; 
for though it 1s true, that iron is always attracted by the mag- 
net, yet it does not hence follow, that whatever 18 attracted by 
the * muſt be iron. 


P a T $CRI1IP ©. 


THE exiſtence of magnetiſm, or of the power of attracting | 
ad being attracted by the magnetic needle, in bodies, without 
the interference of iron or any ferrugineous matter, being a 
propoſition not only new and fingular, but ſeemingly of i im- 
Portance in philoſophy, the experiments which tend to confirm 


it ſhould be never deemed ſuperfluous, nor any poſſible objection 


be left unanſwered: hence, fince the writing of the fore- 


going paper, I have endeavoured to raiſe objections, and to con- 
L 2 © tnve 


"tive meant of 3 — 5 tees ſeemed 
to confirm the 5 yt advanced. The principal of thoſe ob- 

jeQtions was, that the braſs which becomes magnetic by ham- 
- mering and loſes that power by ſoftening, might contain a 
ſmall quantity of won, to which that magnetic power was. 
owing; and that this iron or martial earth, diſperſed through 
the ſubſtance of the braſs, might become phlogiſticated by the 
action of hammering; inſomuch as the braſs being forced 
into a ſmaller ſpace might perhaps give ſome of its phlogiſton 
to the martial earth, and thus render it magnetic; and, on the 
eontrary, the action of the fire in ſoftening might remove that 
phlogiſton from the martial earth, and give it to the braſs z 
hence the former, remaining quite dephlogiſticated, would no 
longer ſhew any ſigns of magnetiſm. - The canfideration that 
iron may be dephlogiſticated or calcined more eaſily than braſs 


gave an apparent weight to the ſuppoſition ; but the * 
9 ſeem to expel every doubt. 


EXPERIMENT I. 


Having choſen 'a piece of braſs which would acquire no 
magnetiſm by hammering, I placed it upon the anvil, together 
with a conſiderable quantity of crocus martis, which crocus had 
no action on the magnetic needle ; then began hammering the 
braſs, and turning it frequently, 1 in order to let part of the 
Crocus adhere to it; and, in fact, the crocus had in ſeveral 
places been faſtened ſo well into the braſs, that hard wiping with 
a woollen cloth would not rub it off. The braſs appeared red in 
thoſe places; but, after having been hammered for a long time, 


it acquired no o magnetic whatever. The hardening, there- 
4 TED "IT * 
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was not rendered magnetic by hammering, and filled it with 


| elofing the calx of i iron, and afterwards preſented it to the 


the braſs by the ation of hamantrnng, 
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hw could not render the iron calx ſo far phlogiſticated a as to. 
affect the „ needle, | 


BXPERIMENT 1. 


* 8 to diverſify che preeeding experiment, I arilled'a a 


hole, about one-eighth of an inch long, and little more than: 


one-fiftieth of an inch in diameter, into a piece of braſs that 


crocs martis; then I hammered the piece of braſs, thus in- 


needle ;. but there was not the leaſt fign of attraction: the 
martial earth, therefore, had not acquired any — from 


EXPERIMENT Il. 


The piece of braſs mentioned in the preceding experiment, vix. 
with a little calx of iron in it, was put into the fire, and was made 


quite red-hot, in which. ſtate it remained for about three mi- 
nutes. Then, after cooling, it was preſented to the magnetic 


needle, and this was attracted by the braſs only in that place 
wherein the calx of iron was contained. The action, there- 


fore, of the fire had rendered the martial earth ſo far phlogiſti- 


cated as to attract the magnetic needle; hence, if the mag- 
netiſm of braſs was owing to any ferrugineous matter contained 
in it, a piece of braſs ought to become magnetic when ſoftened, 


which is contrary to the experiments mentioned in this 


0 h 


paper. 
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A hole, ſimilar to that 2 in che ſecond experiment, 
was drilled into a piece of braſs that would not become mag- 
netic by hammering, and into it was put ſome black calx of 
iron, which was ſo far phlogiſticated as to be attractable by the 
magnet, and the hole was cloſed by a few ſtrokes of the ham 
mer. In conſequence of which the piece of braſs, when pre- 
ſented to the ſuſpended magnetic needle; would attract it only 
about that place where the magnetic calx was contained. This 
attractiou was very weak. Then the piece of braſs; thus pre- 
pared, was put into the fire, and was kept for about ſix minutes, 
in a heat very little ſhort of that neceſſary to melt braſs, and: 
after cooling I preſented it to the needle, expecting that the 
fire might have dephlogiſticated that calx of iron fo far as not 
to let it act any longer upon the needle; but the attraction 
appeared to be of the ſame degree it was before the heating. 

It ſeems, therefore, to be demonſtrated, as far as the ſub- 
jet will admit of demonſtration, that the magnetiſm acquired 
by braſs, when hammered, is not owing to iron contained in 
it; and, conſequently, that magnetiſm, or the power of being 

 attrafted by, and atiratting, the magnet, "ae ex ft — 4 
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oy” HAVE made the 3 which you recommended 
me to try, relating to the magnetiſm of braſs; viz. I mixed, 
by means of the blow- pipe, a ſmall quantity of iron, with 
about four times its weight of ſuch braſs as would not become 
magnetic by hammering. The whole globule weighed about 
two grains, and it attracted the magnetic needle very power» | 
fully. I then melted this globule of braſs and iron with about 
fifty grains of the ſame fort of braſs as had been uſed before. 
Atter cooling, the whole lump of braſs appeared to have very 
little power upon the magnetic needle, every part of its ſurface 
attracting one end of the ſuſpended needle, ſo as to let it juſt 
adhere to it when the air was not at all diſturbed. But this 
weak and hardly perceivable degree of magnetiſm was not in- 
creaſed by hammering, nor annihilated by ſoftening. 
In the courſe of my experiments on the magnetiſm of braſs, 
I have twice obſerved the following remarkable circumſtance. 
A piece of braſs, which had the property of becoming mag- 
netic by, hammering, and of loſing the magnetiſm by ſoftening, 
having been left in the fire till it was partially melted, I found, 
upon trial, that it had loſt the property of becoming magnetic 
by hammering; but having been afterwards fairly melted in a 
crucible, it thereby acquired the property it had originally, 
vx. that of becoming magnetic by hammering. 
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N the Paper, which the Royal Society did me the Basse 


to print, on Summation of Series, is given a method of 


Inding the ſum of a ſeries, whoſe general term ( =) (where 


Fay is a fraction reduced to its loweſt terms) 1s a determinate al- 


gebraical function of the quantity (2) the diſtance from the firſt 
term of the ſeries, which always terminates when the ſum of 

- the ſeries can be expreſſed in finite term. 

2. The terms of every infinite ſeries muſt neceffarity be 


given by a function of z, or by quantities which can be 1 re- 
duced to a function of 2. 


3. Let Q=AxA x A* A XBxB xB*X. * . B- 
C'xC* x .. C“ X &c. where A', A®, A. . A“, are ſuc- 
ceſſive values of A; that is, reſult from A by writing in it * 
2 reſpectively 2+ I, 2+ 2, 24 3. 2 ＋ 1; and BY, „ , 
Bir, reſult from B, by writing in it for 2 ocfetivite 2+ by 


2 ＋ 2, 2 3. . 3 1 m; but B is not a ſucceſſive value of A; &c. 
Let the numerator P- E. E. E“. EU-. F. F. F“. . . F.. 


x L; E“, E*R . . E-; F/, FI. . . Prin, &c. denoting ſuc- 
ceſſive values of the quantities E, 7 , &c. afattively ; and L, 
admitting of no diviſor of the formula K x K., where K' is a ſuc- 
Vol. LXXVI. e OT ceſſive 


N i. «RE: » Winnie » m 5 
== cellln 4 * k: let L= =AxBxCx&c. x Eb Fu Ke. 
= x þ x9 xr x Kc. A B= CY x Kc. x ExF x &c. x 5 x ö 
A gx7 x &c. where f',q, of &c. are irrational quantities and 

fucceſſive valbes of P, 9. r, &c. The factors A B, C, &c. Eu, 
F., &c. being given, the factors A &c. into which they 
salare multiplied in the quantity L. will eaſily be deduced by de- 

ducting the preceding irrational factors contained in A, B, C, 
Kc. El, Fu, &c. from the correſpondent irrational factors con- 
= | tained in 1 and in the ſame manner, from the factors A”, 
= . B=", &c. E, F, &c..can be deduced the irrational factors of the : 

_ preceding P. 9s T. 8 , 


Aſſume for the ſum of the ſeries ſought the quantity 
. EN EN EA.. EEX E. . F xe. 


446M 2 N TT *.. HF *XxOxt.., 7. — =, og 
_ & N Kc. (a + = ＋ 7 * ＋&c.) V; where 
"Y m 1s a whole number, and æ, G, 7 &c. are co- efficients to be 
rr write in V for z its ſucceſſive value 2+ 1, and 
let the reſult be W; reduce the difference W — V into a fraction 
in its loweſt terms, and make the co- efficients of the correſ pon- 
dent terms of the reſulting fraction (W- V) and of the given 
fraction equal to each other, if poſſible ; and thence may be 
—_—_ deduced the ſum of the ſeries required. 
W's |. 4. This ſeries will terminate if the ſum ſought can be expreſſed 
TRE by a finite determinate function of 2; if not, it will proceed 
in infinitum, and may be expreſſed either by a ſeries aſcending or 
deſcending according to the dimenſions of 2. 
5. If any factor, A or B, or C, &c. have no ſucceſſive one in 
the denominator; or if the greateſt dimenſions of z in the de- 
nominator be greater than its greateſt dimenſions in the nume- 
_ rator by 1, then the ſum of the ſeries is not a finite algebraical 
function of 2. 


6. If 
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6. If in che Wa ee are 1 ſome ere 
W hs factors, multiply both the numerator and denomina< - | | 
tor by thoſe deficient factors, and they are ſupplied: for an- 
ple, jet A A x A" & &c. be factors of the denominator, 4 
in which are deficient the factors A, A”, A” „ &c. —_ 
both numerator and denominator by the Stine A'xA” x 
A“ x &c. and they are reſtored. 


* If in the denodffinator is contained the content 
A'x * K A 575 A. "=H, in which A is the leaſt of the i in- 


dices J, t,t. &c.: aſſume A KAC XA“. A X = H ; 
and in the ſame manner reduce the factors 1 in æ; then aſſume 


for the denominator N N AH AY A »— &c.: for exam- 
ple, let the contents be A A ng x" x &c. =H, then is 
2 the leaſt index, and conſequently Fa content reduced as be- 
fore taught will be A. A” A“. AV A A= A” . * 
A A. . Ax AL. Ae; but between the factors A' 
and A'” is deficient the factor A“; and between the factors 
A and A''”* is deficient the factor A.; multiply the numera- 
tor and denominator of the given frftion by the deficient 
factors A“ x A“; afſume for the denominator A* . A?. A'S 
XA. . A” x A/* _ | A X &c. A | M**- A X &c. &c. 
8. If the greateſt index of the content H is contained in one 
factor only, then the ſum of the ſeries cannot be expreſſed 1 in 
finite terms of the quantity 2. b 5 eh 
9. The ſame may be applied to the contents of the ſeveral ſuc- 


ceſſive values of the quantities B, C, &c. in the denominator : : 
1 


; multi- 


for example, let the general term be —— 3 = 


ply it into 2 1 to compleat the deficient term, and it reſults 
— 5 1 
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2. Let the term be Ne- and e leſs than "A: Which" is the tem 
of: a Tents ſeries ; ; then will the ſum of the infinite ſeries 


be xe, beginning from the term whoſe diſtance from the 
felt is T for the difference between the two ſucceſſive ſums = 
= e 2 Ne- the given term. 


Ee XEFT 7 4 
S+1.2+1+1 neu; affume 


for the ſum of the ſeries the ſubſequent quantity T1. 2712 
24 3 x +a) xe X ( ＋ E i = x") and by. the 
preceding method the co-efficients a, ,. ” &c. may be found: 


the m 1s known to be =>; Xe Ne, _ 1 


2. „ which can "oily be * 5 * n 
formula. 


If the general term de ＋ TD Z or Pw, where T and . 5 


P and P., Qand Ts are ſucceflive terms; then will the ſums 
of the ſerieſes be ＋ or — — properly corrected, 


1 5 


"a Let the general term be 


10. If the function 3 the general term contain in the 
denominator a factor or factors, which have no ſucceſſive one; 
reduce the factor or factors into an infinite ſeries proceeding 
according to the dimenſions of z, and thence; by the method 
before given, find the ſum of the ſeries. The ſame method 


4 may 
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may be pur ied, when the read of a Nikon, Wisch i. is- 

2 funQion of x multiphed into & contains the ſimple power 
only of a factor or factors; reduce the factor or factors i into an 
infinite ſeries, proceeding according to the dimenſions of x, and 
by the known methods find the fluent of the fluxion. 

11. The fluent of the fluxion or ſum of the ſeries may be de- 
duced alſo from the ſubſequent propoſitions, from which may 
be inveſtigated many ſerieſes, whoſe ſums are known. 


1. Let pÞ = Qg; 70 Rr, rR=Ss, 8 = Ti, &c.; then /Ph= | 
75 Q9+Rr—Ss +T: - &c. if only the ſeries converges. 
2. Let #P'+pP'=Qy, 4Q'+7Q'+=Rr, RTR 
85 58 ST, &c. where P, #, Q IT A &c. denote the 
- increments of the quantities P, p. Q, 9, &c. reſpectively, then 
will the integral of the increment ) =Pp = Q+ Rr — + 

&c. if only the ſeries wag] 


1 54. | 


* +32, 
x. 1. F — F 
E x PF = (220 = 111 * rp 75 
1 GP REES n = 
Cari 2b ch = —3 . —— JED ET 


n+ n+m, 
FEST ri m TI 
5 Gs O's Feri. & c. 


In this example 52 = *r, P= ——, ä 


Gen 3 RS n &c.); whence 
m TI mt+1 m2 mTI m+2 m3 


: ——1-+ Za 4 EB &c. In both theſe exam- 


— m+1 m2 m +3 
ples the A, B, C, &c, denote the preceding terms. 
1 * | . 
Ex. 3. — —  - . — — þ+ —— 


+: i+x\m+1 N *1+x TI. T2. 1＋3 


1 &c. 
ern rer r (1 7774 ) 


K* 


hy; 


4 
? 
f 
[ 
! 
U 
Li 
| 


, 
* 


3 Ay. 5 "4 i! 3 MM 
— — San — — — — — — hy 
— * — LS 
- . I « —_— & 
— — — 2 5 — A : 5 _< — — — 
—— 4 — » — 4, - — — —ů— 4 on 
— * - * — 4 — — — — — _— * 
— — 5 — om — — 
» 
y/ — — — - — 
> —_ 5 — of . 


* 1 — — 


— 


= 4 r * 
2 — 8 
2 
* bY 
_— — c 
— — 


A 


— 


oo DM 


2 
ot — 
2 gs" 
„„ COERCE” 7IERTELR 
s CLIN ſh — —  IAEEEZSDES 
8 5 — 
* -_ _ pa. . 
— 2 ® - 
2 5 
— — — —— 


— 2 — . „ 
* * —.... * 


numbers; the ſum of che ſeries can always be expreſſed. 


in _ * 4 
| "7 ee Pr hd Lid 9 
' * W Fer wa . * ö 
> * y : 1 r ' C . FX of INE F 
* , . , þ 5 * # 4 


4 | "Fg 
| 8 * Waka 
: 3 | 9 as I'N NG 


"AIP hb er 


(a e I e 


* X 4 — 4 — FTW }-+&c. i ee, 4 
m+nÞ+1 1 ＋ 2 * | 


12. Let the . term Ko an infinite ſeries, be 


9 1 * 

1 

* * * 4 0 F » - * "4 * 4 9 4 A 
- * 
J . * 


. 


2+8., N b r 1 rpN FTP 0 rr. A 3 14 7 


e Ly. 145 


mxz+y d EET 2 2 * D X L 77 0 Tr » ol 


N e. 5 where 3 * A B-» &c. are not whole 


in finite terms; if the ſum of the fractions — I. ;Xx 


- — 4 In 


| 3 | Lk 8 3 3 2 
. STI. - Tz. . S NK -A. 1 1 T2 . 54 1 
* e , I-«+2 e &. IXI.2.3..a-1 


6 a — 1.8 —5 8-411 T2 .. S- a N- 1 74 — 1. 7— 42. — 471 


+ 


2 


T 


— 


— 2 i y—e—TI,y—& 8 „ y—a+1n—2 X 1. 1. -& . I—a+a—2 X Nc. 
VE 33 ws MC 1 == | 1 . ES 3 
— 1 2 3 * 1. 2. X 1—3 64 —3.8—— 2. . 8-4 ＋ 3X73 17 
2— 2 F cy —=atn-3 Daz . $=@&—2 . © 8-a +5— 3x &c. P N 3 323 
2 — 5 »B—a—n+m Xy—%—1 a -A 1 . Y—a—a+rX 

1 = OE 
Py De ene fo rwis pars x og 


— 


I. 2 nN TI. y—B8+r . r 
2 85 TT : ? 
TZ. 4—þ8+5 x&c, IXI «2. 3 1 4 — 6 — 1. 4-8 4-8 
; n—1 


1 


8 P 

. l 'K* 4. 4 » 94 91 12 * T9 4 
Y ins : 14 . 4 131 9 
x. re ww FT TR 


7 5— 

. 1 e e ee 3 
1.2X Ts 2 3 . ** 1 | 2—6—2 py TRY 3 9 . 87 —2 * y—8—2 

| 5 

E a * + y—8+r—3x#—8—3.,. I—b+5—ZX &c. RR 
2 — - n 2 37 n—M e . 7 

| I REY 

mfr 9 0 r B-m r DS &c. 


— 4 . 


* 
1 1 9 
K+ = 


S—1X SC. + 


* 
! 9 9 — 7 0 
a: ** "* FA 4 
N - 


ix 
221 
* IS." 


— o; 


* | 


8 r o —_— 2 ® a—7Fn x Þ=y . 7 | Hr” N 


— * 


REEF ie ke. -o, &c. o; Or, to explain 


it otherwiſe, aſſume the quantities a, a + I, 4 +2, * 
* ; By +1, B+ 2+ Tn; 7. TI, 72, 7 4 

by d+1, T+2, = +53 &c. ſubtract one « from all the re- 
maining quantities a+1, 4 2, a An; , G41, . G N; 

7, y+1,..y+7; & T1, . . J,; &c. and multiply all the 
differences reſulting 1, 2, 3. n; B-a,þ—a+ I,.. Gn; 
-a, 7 aT, oy T2, 7a; 9e, 5-44 15 
3-4, &c. into each other, and call the content . In the 
ſame manner ſubtract «+1 from all the remaining quantities , 
* +2, 4 ＋ 3, . ; B, B+21, .. Tn; 7. 7 * 15 7 ur; 
3 71 . 4 &c.; and let the remainders — 1, 1, 2, 3. . 11; 
- a- I, " BG = a+ 15 B—- a+m— I; y—&—-I, - a, 
ff ĩͤ ß ⁵² c 
&c. be multiplied together, and their content be called p.. 

In the ſame manner ſubtract a+ 2, a+ 3. . « +7 reſpectively 
from all the remaining quantities, and let the differences re- 


ſulting 


, \ K 8 F 2 LT, n p 8 N * 1 * » i< 1 4 , OSD a 
oe , 9 ST as a _ \ * 4) * * i Ms , + ve i Ss F «5 9 1 1 ah. ood 1 9 218 + ok. 
Fe D >. 9 ihe * ( P 5 „ f , Re of WE, +. za * a , * , 1 3 * 4 
— F a. Ws... - ** 4 * F CY F * * 12 88 4 % * 
* 5 # FR N 1 14 » # — * ; F — , * Oo . ha.” 4 2 7 . « - 
d * on ARE ** e N R ; nn he Sn n , WY . * 
. 2 TEE” « *. F, I - * CD EY 1 2 T7 1 
II . 5 N n | * | | * 2 Sp” | 
- a» l . . l — — 3 N yo * 
* „ N | : l 5 | | 6 
4 . ; 
| "9 l «+. ys oh 
- * k * . . t 
* ud * y 5 
= „ - * s * * i 
* ; 


wü. l 
ve contenits be 


6 ˙ —A— . . , 


called a pts, e. , + thn, T1 the ſum of the ſeries N 


is the ſame Sy. abira® B, B+1, *. . An re- 
ſgpectively from all the remaining quantities, and multiply 
their reſpective remainders into each ty and call their con- 


tents reſpectively ps, ps, . o will = Sg 


Bt 


; n 9 * ** 
* 
8 - * 
g of f . 
3 Y * , 
4 * . * — " - 
1 — 
' — #* 
* * 
. 8 
* 
CY 


— 


y+1, y+2, n beſpecthely f from all the 
remaining quantities, and multiply their reſpective remainders 
into each other, and call _ contents reſpectively I, pre, | 


p, . pt; then will -+ : - 


. 


wat 4 7. Fr Fr _ © 
Subtract 3, J 1, &+ 2, . . J, from all the remaining quan- 
tities, and multiply their reſpective remainders into each other, 


and call their contents wy Pp, ptr, pt, ! then 


will 5 ＋ N += 1 = So; and ſo on; and, vice werſt, 


if the ſum of the above-mentioned fractions be reſpeQively = o; 
then the ſum of the ſeries, whoſe general n is the given | 
one, can be found; otherwiſe not. 

1 3 If the ſum of the ſeries, 0 bert term is 


1 
— 4 
7 0 21471 > © FREE ROPE! 2+a+1 ETD mxnty ntl. 420 


* 


er EL a TIL x KR. =” can be found i finite | 


terms; — the ſum of a ſeries, whoſe general term 1s 


an + be + 
2 * Are. (where 1 denotes an affirmative number) 


can be alſo pure in finite terms. 


14. Let 


ot 


exponent . vis, — 


* % i 
T4, Lt — 37.27 27 2 WN Er. bur * 21 


TEA Se. Er. r ,2+6x2 re fey 0 . 


2a 'EEÞ.* l. &e. +Bxz+a.:z+Þix+5.:77 
r whatever wy be * value of '2;. then will | 


- 25; 5. Letthe general term of a ſeries Loc, chap e 18 « bf 
wan x; ; the ſum W the ſeries ein be — in finite 


v Mi 
te when the above mentioned vantities © * 
rms, q At 


8 arr © . * 8. s 
140 


owe &c.= 0. "This never e ale 1. 


B+ 9 
16. I the general term be any rational fandtion of 5 into th 
ER ney 
| e e e x 
— — — My — — — —— — Xt K,. 
x ＋ T x 2+8+# XK&c.Xz+# z Ty Xx TyTN — XN o. 
where 5, „, , &c. &, L, V, Nc. I, u, , W., Cc. a, 1 W 
c. , V, V, ec. bee. denote whole — and neithet 
Vor, LXXVE. r 3.734 96: * 


232 „ 


* nor 25 a &c are whole numbers : kt 8 
Tits Gees my 5 Kc. f the greateſt! of 


1 


nn 


f 1 "Indices u, W, .; Ke. the greateſt of the indices , , 
4e. hens from the ſurns of the * wo poet 


cadet n= I = = AIDE 
i . - nat" Py ; 3 - * * —2. DI " 
wn” an” EH aan Gann? my em 


be deduced the ſum of the above ſeries, 005 general nn! is. | 
given above; multiply each of thefe terms into unknown co- 
efficients , , g, b, &c ; then reduce them to a common denoe 
minator, which 1s the ſame as the denominator of the given 
general term, and add them together, and make the correſpon 
dent- terms "af the. ſum reſulting equal to the correſpondent 
terms of the numerator 22 ＋. tea Ke. of the given. 
general term ;- and from the equations reſulting can be deduced 
the co-efficients , /, g. 5, &c. and thence 1 the givep ſums 
the ſum of the ſeries required.. 

Approximations to. the ſums of the ſerieſes may be ed 
from the methods given in the Meditationes Analytica. The ſum 
of ſome few eaſes have been given from the periphery. of the 
circle: for. example, when a and m are whole numbers, and 
e=1; or, more particularly, when m2 and =, and 
ſome other partieular caſes, which may. be with nearly tho 
ſame facility calculated from appreximations; the caſes given 
indeed are ſo few, unleſs when. c = Is that ie ep. can — racely 3 
be applied. 8 
15. If the e 3 in 1 numerator e WY or "greater 
than its dimenſions in the denominator; that is, I be equal or 
* than mn ' + 1m” +86, TAN f. Kc. Kr N +1" 
+ 


— 


Pp 


(ig: EZ ICE 


duct S x/S$*-— &. is te be taken affirmative or nega- 


e ooo 8 


6 * A , * 
y _ - yh 4 l 2h TI a A. > ns N = TRIS.” 4 
* "+" . 5 I * © * TY 8 1 4. 22 r - * * « 4 * 
bg] 7 ;-» T,9 \ K 
I , 4 > F * = 
} * * * 5 — 


| ——— a 2 bo 
Por be. ade the fraclions to a mixed be 1a that | 
fions of Ain the numerator of f the fraction be leſs Th 
its ee as in che denominator, 


and the inte egril part be 
Af + Bae . ce D. . re the ſum of the ilfiſt# 


CE». 


ſeries W * term 18 BTU DAR. * . © '» 


5 9 


de. * 
ab; 3. 4 


= (7 15 pond) d= 3 = 
4 1 


MESS L + 3." A 
"LH aSe) 7) #B : _—_ 
e _ term is ne) = — — TEA. 


220 — 


'#: Hz" 22 


0 4 13:78 1h ο˖ t agd1.mont Þ3) Nen 2 

equal, to = fi of al quantities of the. "lowing fort, >.” 
S 5 Bah Semen oe EB v9 XS FAIL x &c. 
where &, G, 7 3 &c. are whole affirmative numbers; (in the 
preceding notation by -S is deſigned the ſum of the contents 
of every 7 of the following numbers 1, 2, 3, 4, 6, 073 


and u + 8+ + 3+ &, = + 1 the 4 pro- 


tive, apctedingas the berg af. n a, H, oy; id A is even 


or unev enn et 8 To mit of! ts 


. The ſum « the * ** 7 may allo be bund * ming 
br it (a2 TBA. He, then, finding its 


OS 


ſucceſſive term (a xa 1 e+62+1 'e+ ca 1 e+ Kc.) . 
and taking the difference between it and the aſſumed quan- 


uty, there. reſults. (K 1 * + Mae +be- I * Kc.) e 
by equating it to the gow term * are deduced the ſub· 


— 


quent equations 4 i=; mae + be = I So, Ke. Nr 
e Iv 3 1 


* J * 
a 4 42 » * & & 4 64 % LECITFON 


— 


= 
IF, b 
4 
T 
95 
Z * . 
o & 
N 7 
A Ll 
| 
- 1 ! 
by o *T 
l ) : iy 
- | 7 s 
N- ny. 
1 1 
4. ; 
T5 * : 
1 * 
| AHH 3 
1 200 
ine 
1 Mein 
Feen - 
(0 \ 
b 1 x 
f - 11 
F | i 
1 
1 ? * 
7 "nt ih 4} 
+ 8A} Sy \ N 
\ 1 19 | 
N 7 
hy; bi ' 
1 iy t 
4) 48 9:5 
_ 4 
\ ! i *. 
1 ' [1 „ 
1 
WITT F200 
1 0 1 1 4 
N 1 7 1 
441! * 
1 
% 1 [1 
440 . £ 
*U&. x l R 
153454 b4 ( 
pq x 
. 0 1 , 
Lat | 
J 1 1 
' 
0 - ' 
Ht 01 
T1 144 . 
Fil j : , 
4 i 4: 
IN £21 124 + 
" | 
TT {TTY 
411 *. 
Racy 
4a 1 
ht: :% 
. 1 
Nie 
4 j \ 
1 (17008 
7 11 
188 y 
1 
4 $514 
3 | 4 
1 
4 g 4 0 p 
1 J , 
9 £ 15 
3 it | 1 
1 x 1 
Ay, 
19 
* 4 * 
a? ( 1 
7 
n 
ASH 
l 1 
_. 7: 
nen 
141 
1 
£43144 
; 17 *343 
l 1 . 
* 1 
1 
A s ts * 
* Fu 1 * 
Mein 
4 . 
. 
17 ; 


: — 
: = - 


Us Lat P = = A + 


1 Yr 2 58 lib. . * 02 2 t. F- Tot oh 58 #32 14. 


2 EE tg e ws gn; 
4 he ben be ves ; 6 for, "lng e, and. cher 8 "ref Its 
x* the ſame as before. = * OH eee 


B e. N — then win 


— 


— 


— 
— — 


y be proved from. the fublequent arichmerical'p ;propoy 
| 1 64 3; 197 
e bl 


er 


17s C- 10 - 144 : 4 ' 
. K. „ 
- Js 8 2 y=- 


bl 


19. . of the above-mentioned ene A l 
+ Cx**3-&6c- be H; thin fram: tlie ſuins of the ſeries p, and: 
the fluents-of the fluxions. ap, AS, af, of, &. being given 
there follows.. the- ſum. of a Os. a OT term is. 
= alk a 


2 * N a 


88 — where 7 18 a | whole number, ant 1 
either whole numbers or fractions nn is 2, and 
a= n, n, &c. the ſum of the above-mentioned ſeries can be 


found by finite terms, circular arcs and logarithms. If 


. „, J. . ars 


"© 


9 


early known in the æra of ſcience; for when men could not 


| tear approximations by: trials, and fram thence, by proportion, 


value; and the ſame operation was re 


known, has been uſed in reſolving problems by ſeveral of the 
molt eminent mathematicians in different ages, and. i * 


mW et r; - le Gn he Tit of ach lier e eds 
mentioned formula be found in finite e fundtivns of's, 
and the circular arcs and logarithras o rol Ys: 


1 -CJJ ' 11 
# - 
p E 13 ; 
N 7 1 1 : Fi M 
t 4 1 — e 4 * 89 i 1 
i * 
r f'7? * Fa | ' „ — * 
7 | ' 
f of # — : - 1 * 2 4 „ 
* 
7 , xD , 4 * 
We — p 2 4 L 4 4 4 
* + * : 6 by % bs : 7 
WE — * - \ 4 * 
» * 

; * © , a * 5 
FOOT 7% ? c f 1882280 | 7 
* 10 N WA #4 . — = . a T " 

* Py 4 % — 
. 2 : . * | * . ; » * 1 . 
* * r 8 A. £ , ; | 8 : » = 6 
5 — F A” E 5 
| a « . 6 2 P ; | * * ” - : - P * 
yu 8.4 OY 
— 
e 8 Sf «+> + it 10 * 


1 TEE Sine of proportional poets ty puke 


find 1 exact value of a quantity, they were induced to find 
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E if a be much greater than 


1725 aud? ; bes 00 7 a much greater ratio than a: : 21 and in the 


Tame: anner! * hasto f a much greater ratio than = 2 "Ts and 


is on; then will 4 be a near rie to the greateſt root 
'of the algebraical equation $7 70 near approximate ro the ſecond 


4 4 near approximate to the thied, and - A heat approximate to 


2 a root, which is much leſs thai m hots of the given equation, 
but much greater than the remaining (u = 1) roots. 
If the equation aboro· mentioned * aN ＋ Kc, So, or 


which is the fame, 1 ke. =0 be infinite: chen will, 
in like manner, all its be poſſi ſhble and their approximate 
25 » Ge. as before. 5 e 


This eafily appears by ſubſtituting r a, "lt cy *. theit 
our in terms of the root of the equation. 
. Anearer approximate to the above-mentioned root wil be 


values a, 


26 G) ae 

8. Equations, of which the Duxions of the quantities con- 
tained in the given equations can be found, may be reduced to 
infinite algebraical equations, in which is involved no irrational 


function of the unknown quantities contained 1 in the given equa- 
tions by the incremental theorem; vix. let Ar o be the given 


5 


5 equation, 


* 


equation and (a) an approximate 1 much more near to the root 
required (2) of the given equation than to any other: write a for 
W.-- the annoy quantity ſought in the (| ubſequent quantities, A, 


es a, by = &c.; and let there reſult the correſpondent quan- 


5 
tities a, \ B, Y, 8, c.; then will = - a be a root (e) of the infi- 
nite equation «= Be + —— 5 2 3 +7 IEG *+ &c. 


=0, of which a root of the 3 4 Pe o, a Ge. 


= 7 ao, &c. will be an approximate. If two roots of the 


given equation are nearly = a; then it 1s neceſſary 1 to recur to 
an equation not inferior to a quadratic. 

9. The ſucceſſive approximate values found by theſe * like 
rules will ultimately be to each other 1 in a greater than any geo- 


metrical rat io: for exam ple, let 2 be an approximate to a root 


of the quadratic * (Or. ago, then will the new ad- 
dition to the approximate to the root 5 found by the common 
method at the diſtance " SY 3 from the firſt 3 be 


14 * where b= 2. Ln 
2 


10. Let an equation „pr RS Ke. 
1 = 0, of which the roots are a, ö, c, d, &c.; and an equation 
5 * — fat + gat — K &c. o, where p, 9, r, 4, 

&c. differ from the co- efficients P, Q, R, 8, &c. by very ſmall 
quantities: aſſume the (a) equations 1 Te TT T&c. =P 
Da, ar +bp+ co +dr &c. Pa- ＋Q =, a +Fe+Co+ 
4 +&c. = ano PB — Q r R=, a s+6'p + co + d*7 + &c. = = 
Py — — Q6+ Re-5+S= J, &c.; and . them find the un- 
known quantities 2, e, 53 7, &c; then will 4 T, ö, ce, 
d+r, &c. be nearly the u roots of the equation x" — P + qu 
Vor, LXXVI. O -, 
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* ms 


1— 19e Kc. a 
Pre Same Valdes * Wy this le Open or! the principl 
before dedwered. * "Wo 6 3 339 a 


10 · Let there . given Py 3 dk. Parry m 
=__ "ws quantities *, Y, 2, &c.; and let *, 9. Yo. &c. be 
| nearly correſpondent values of the unknown quantities x, 7, 

Ke. reſpectively: aſſume n +1 different values of the quantity 
"Sy * n . nite, &c. &c.; and in like manner 
1 as values of the quantity Ys 
„ Ke. and o of the Teen 


tities; ſubſtirute theſe quantities Br their reſpedtive ning! in ache 


N 


D, &c. in the firſt equation; P, Q, R, 8, &c. in the ſecond, 
ce. &.: aſſume from the firſt equation then fimple equations 
| an +by c. B A, ar '+by + &. C A, an” +bg"+&c. 
=D—A, &c.; and from the ſecond. equation. the fimple 
ones bs + kg &c. =Q- P, bu +#g" +&c.=R -P, ba" + ky 
＋ KC. = =S—=P, Kc. From theſe equations can be inveſtigated 


from which can be deduced: the values of the quantities e, 1, 
&c. ; and 4 Te, Bi, Kc. will be more near Values of the 
quantities, , y, &c. Ys Goon ; r 
11. Sir IsAAc Nxwrox Found the ds 00 of ths 255 
power of each of the roots of A given equation, and then ex 


ho acts Linens 
trafted the 2b root of A, vis. A for an ap pf * "he 
211] 10 24951 4 21,7 
of the greateſt root of the Equation, and fu 705 7 ſame 
ache Q o 
fimilar rules on the fame principle. In 


given equations, and let the reſulting. quantities be A, B, (ol | 


the co- efficients 4, b, &c. h, +, &c. &c:; ultimately aſſume the | 
" equations A ae A 5 ＋&c. 265 P Be Af bc. = o, Kc. _ 


1 


5 299 
e Ae Ae. and: Medizationtes- the. ſume principles 
applied. {ts different rules For finding approximates t the 
greateſt and other roots of the given equation; and alſp limits 
of the ratios of the approximate values of the roots found by 
the: rules to the roots themſelves are given. 47 


% -- 


It 1s obſerved i in the Meditationes,” that from theſe rules f in ge- 
neral to ſind the greateſt. root, 1t 18 often neeeſfiry tlrat the greateſ} 


poſſible root be greater than the ſum of the quantities . 


tained in the pofſible and impoſſible part of any impoffible f root 


of the given equation: for example, if a+b- > t be an i 
poſſible root of the given equation, then it 1s 1427. that td 
| greateſt poſſible jet be greater than a ) — Ih USC? 7 525 
_ may further be obſerved, that in din of high di 

ſions unleſs atpbladly made) it is probable, the number 4 
impoſſtble will greatly exceed the number of 1 Are 
conſequently theſe rules moſt; commonly. fall G + 4+ 

. 3% M. BzxNovLr : aſſumed a frad 


4.4 e *4 ad 


- ration function of the unknown quantity, and denominator 


the quantity, which oonſtitutes the equatioß; and reduced the 


fraction into a ſeries, whoſe terms proceed according to the 


dimenſions of the unknown quantity ; 


and thence found an 
approximate value of the greateſt or le 


eaſt x root. of, f, the gry 


Sins! I 


equation or its, reciprocal, by dividing the. co: ef icient of any 


* 


term of the ſeries reſulting by the co-effciept of th the precedi 1 


or 3 term: for example, let the equation, _ be 


5 BE: * r K 2 2 Px RS =0z af 
fume the fradtion.” 2 i 2 x"; 2 2 
ert 8 2 e — r e 110 941 


=—i+ pln WIE N ( TT N e 


e +& +23 nn * +8 * 8 Yak 
2 ; 


Er 


- 
* ne N " 4 
> 4 1 * FO" 8 * * * . * 0 4 9 . 
7 1 * * = 5 „ * DP SY * * 
/ F 
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y bd 


| + 200 | | Dez Wanne or 
i Sehr 4 (nt e- (ws, 
＋ & =Q) 3 ( —— 2+ a9 
Ke: 3 "then will Gr Ve a 


3 2 = 2k gh =, —2 5 
Ex. 2. SR —Pa3+&c. . * =(2 1 DE T we) - + 


647 nen N . 46. . * 


e + Bc oli e Kc. 


— _— ts hy. 4 * & #7 


the greateſt root e 


* 


( 4 


&c. 3 3 chen wit? T or 


d ; the laſt x root = kay 


. 


. e ; — 
. l +8) | 


+ (a +8 457 +&c.(+a8+6y +Py+3+&c)) 5+ (a + 


| BF +y +&C.(+ af B+ y+87+y is ke fr gee 


e Ker.) ) re.; and 2 ITY 1 


(4 +L+24 0) £+ (444 2+3+& (++; ++ 6) 


x +&c. in each of which all the usted See are 1. 
The approximate values to the greateſt and leaſt root may be 
found i in the ſame manner as. before. 1 

From the preceding examples i it appears, that the ſame ob- 
ſervations which have been applied to Sir Isaac Newrox' s 
| method are equally applicable to M. BxAN OU 's. 
13. In the Meditationes this rule is further extended, vis. 
let the given equation involve irrational and other functions of 
the unknown quantity; reduce it ſo that no function of the 
unknown quantity (*) may be contained in the denominator, 


and let the reſulting equation be Ao. Aſſume a fraction 


B 
A? 
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4 3 | whole numerator Bi is A finite en 120d integral kunden 


a; 


of the agknown quantity; ; -redce © T into a Frag 3 


according to the dimenſions of by unknown quantity: for 
example, let the ſeries be Ar f Cr 18 


: Ly# + Mt Nac + &c.; then / exceplis excipiendss) 
if 3 be negative, will the greateſt root be * 7 nearly ; : but, ifs 


- be affirmative, * will be the leaſt root nearly. If / be infi- 
nite, then 7 exceptis exciprendis, as before-mentioned) the quan- 


tities ** and M will be the above-mentioned roots aceu · 


rately. 
Theſe principles have been applied to Bal the remaining roots 
of the given equation as well as the greateſt and haſt... 
: 14. The rule of falſe has been found very uſeful i in : finding 
approximates to the two unknown quantities contained in two 
given equations, and has been applied to () equations having 

(i) different unknown quantities: for example, it has been ob- 
ſerved, that if two or more (m) values of an unknown quan- 
tity (v) are nearly equal to each other and to its given approxi- 
mate value (), the unknown quantity v=x—x will aſcend 
to two or more (ii) dimenſions in one of the reſulting equa- 
tions; or in more than one equations will be contained ſuen 
powers of the quantity (v), that if the more equations were 
reduced to one whoſe unknown quantity is v, the reſulting 
equation will contain () dimenſions of the quantity v. Hence 
it appears, that in this caſe alſo the convergency of the ap- 
proxumate values found will depend on the given approximate 


being much more near to one root than to any other. | 
15. When 


don of che approximates (r., Y, 4, Kc.) is containe 
from the reſulting equations may be ound rn values 
of the quantities x, V, *, &c 1 


* 
189 ? 


De. Wk 
, When the, giv 
contain irrational or other quantities whoſe 


„ 4.4 Bd 


the upknown quantities (, 5, . Ae contained, i the 
ven equations; is _ S 3, 6+5/ 5,14 +4 =, 


bene ſabſtitute inthe v es 15 2 A "x, 0 5 
) (CSK 


%% —- 


*, (D). 09 r Bile 
adced the equation 15 e * at Kg. g 


v e) 6 (+ x *+i( 75 * + ul * 6 
xy Sh J's + ee.) ie : GX no.  ixratignal Kc. 


aalen of the approximites „ 72 &c. is contained; and 
in the ſame manner may Wenne — 
c. be transformed h into others; 1 which no ir 


irrational func- 
d, and 


If there be given only two' . A =0 W B= o con- 


taining two unknown quanties v and I, and all the quantities of 
the refulting equations, in which are contained more than one 
dimenſion oP the Ls "4 4 — 12 be MI there will re- 


6 * + 0 9907 7— = =O, from N be found a x and 1. : the 


lame 


equations A=0, BRD, Cg, el * 


fluxions can 'b& 


ſound s and — (#7y e, d. Nui avg givers: dc teach ot 


(Lp 
| (=) L 
2555 2/0, & — a, = 114 ad let thie: — 
reſpondent 8 lues 


remiining equations Bo, C= SO 


1 eee ed e EOS _ — - 


FAS LAT if AER TERASS 


* " n n 


hw. 


\ 


F: — So. 
une as gives: oy! Mr. Srursou and others. When two or 
move values of the quantity x are nearly = a, then in a reſult - 
ing equation or equations, quantities of two or more — 


e e e 97 aaa * tg g 1 
2 1. 2 34 & 3 l * ö * 1 1 0 4 8 
- E 
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3&2 7 : 4 
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224 Ce. 
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1 PART, III. 1 


5 THE ul. n divided quantities, and Ame 
their roots no further than the quantities themſelves: they 
did not Perceive the utility of proceeding any further, other- 
wiſe the operation. would have been the ſame continued. Mr, 
Gazoonr, SP; A and Mr. Menca ron divided, and 
quan- 
tties (in which only ane 1 quantity f is contained) 
by the operations then uſed by arithmeticians, into ſeries 

Teeoding or deſcending, according to the dimenſions of x in 

1 fintzan. : They clearly, ſaw the utility of it in finding the 


fluents of fluxions, as Dr. WaLL1s and others ſome little 
5 1 


time before had found the fluent of- the fluxion as, x; or, which 


* 


5 ry n 4,44 + 17 4 6 17 


2 the ſame, the area 1 a curve e whoſe ordinate is an "and ab! 
2 18 * 16 38 5 7 1317 i 1 585 0 311142539 

2. M. Earl alted from Mr. Newron' » thi abs ; 
which the \above-mentioned. ſerieſes would converge ; . fot 5 
Would be altogether uſeleſs when it diverges, * of tk uſe 


i 
whe 0 i 8 . r e e 


4 


a 1 D = Cat 
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Dp n 1. ro this quali an — [1 believes was fixlt 


_ tively, and ſo on: hence the ſeries Ax +iBr* + os &c. 
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given in the Meditationes, viz. reduce: the functian to its loweſt 


terms: and alſo in ſuch a manner that the quantities contained 
in the numerator and denominator; may have no denominator : . 


make the denominator Q=o, and every diſtin& irrational quan- 


tity contained in it o; and alſo every diſtinct irrational quan- 
tity H contained in the numerator So; then, let « be the leaſt 
root affirmative of” negative (but not = o) of the above-men- 
tioned reſulting equations, the aſcending ſeries will always 
converge, if the value of x 1s contained between à and —a; 
but if x be greater than a or a, the above-mentioned ſeries 


will not converge. 


If the aa ſeries 8) be moltiplied into x, | Ind 
its fluent found; then will the ſeries denoting the fluent con- 


tained between two values 4 and ö of the quantity (x) con- 


verge, when a and b are both contained between a and — a: 
the fluent always converges faſter than the ſeries 8, the un- 
known n x having the fame values in both.  * 


Ex. Let þ 8 NIR ole. and 
a+br+f + . * E 


the roots of the equation 4 ＋4 br T + . 4*=0 be 45, B, Y, 0 


i. 61h, 2 10.8 = Ep Lhe Bat 


"IE a $ a —4* ** 


cri ke.; - but —= 


„ 


17 2 &c. &c.; EY wu ſeries « converges e 1 is 


+5 += 
— between « and = &, the latter when # is between 


B and Q, * ſo on. * * * manner the fluents 


1 7 


22 7 7 
verge when x is beta . al -a, B and , &c. reſpec- 


+ &c. &c. a fortiori con- 


e. 


| | or + 


+ Fi 7% 0" E n 


n 


according to the dimenfions of x, when it converges or diverges. 


. þ 2 ** 1 J p 
* r ie 4 OREN TIT IO ORD ET OT ESaps be T7 
, 9 ' TR - PR [RE STS oe Mo C a. 


5 — ) x#(5 " + + ee) of + be. ens commriges. 
wid x is between a and” — 4, where a is the leaſt root of 


the eee equation; but where x x is ö greater than « % 
or a, the ſeries will diverge. 260 S175. 65 Fro 


The infinite ſeries 4 + ma"—"x n. a + &c. = 


will always converge when a is greater 50 an x, and diverge when- 
leſs, and conſequently its convergency does not depend on the 


* 


— 


a+x 


index m, unleſs when x ==a: and in the Meditationes Analy- 
zee are > given the caſes 1 in which it converges or — when, 


242 x: and alſo if the ſeries + max + &.= —x +a deſcends 


Caf. 2. Let the above-mentioned quantity be reduced into a 
ſeries Ax” A BT +&c. deſcending according to the dimen- 


ſions of the unknown quantity x; then will the ſeries A ＋ | 
Br &c. =P, or the ſeries = 


a ** 


* — 
8 8 c. / Pa con- 


verge, when x is greater a the ap root (a) of the 
above - mentioned equations, and diverge when it is leſs; and 
conſequently i in this caſe, 'when the fluent 1s required between 


the two values a and 6 of x; the ſeries found will converge 


when à and 6 are both greater than A.. . 
Caf. 3. When x is equal to the leaſt root in the — caſe, * 


and to the greateſt 1 in the latter, then ſometimes the ſeries will 


converge, and ſometimes not. 'Theſe different caſes are given 
in the Meditationes ; but it would be too long to inſert them in 


this Paper. 


4. If any roots are > impoſſible as a — 2 I and 4 I, 
* the ſeries will converge when x is in the firſt caſe 


Vol. LXXVI. P = 


| 


8 


greater than * 


8 in che ſeries. 


cording to the dimenſions of the. terms contained i in the bino- 
mal. M. Dx Morvae reduced the power or root of a multi- 
nomial into a like ſeries; but 1 in all caſes, except the moſt 
ſimple, we muſt ſtill recur to the common diviſion, extraction 
d of roots, &c. 


| deduce the area of a curve contained between two values a and 


between a and b; that is, found the area or fluent contained be- 


(+9); or, more ge 1 if age l. hes 
cafe when * is always iafibuny life than” the. recigooeal 


| V I3Y 4+(a—bv =1)*= 
of the | quantity © LY 2s , wheres is infinite 


| ( BY". | 
Ry in the latter caſe it will converge. when ** is infinitely 


It may not be. improper to obſerve, chat the ſüme vals of 
the root are to be applied 3 in the 2— which are applied 


3. Sir IsAAc Nawivon, 1 in ieee nenn mend 
the power or root of a binomial into a ſeries proceeding ac- 


4. Mei. EuLEs, MACLAURIN, and other mathematicians, 
finding that the ſerieſes before · mentioned often converged ſlowly, 
or, if the truth may be confeſſed, commonly nat at all, to 


þ of the abſciſs, or fluent of a fluxion between two values 4 
and b of the variable quantity x, interpolated the ſeries or area 


tween the abſciſſæ a and a+, then between the abſciſſæ a+ « 
and a + 2%, and then between the abſciſſæ a+ 24 and a+ za, and 
fo on, till they came to the area between 6 and 5. M. 
Ev.en obſerved, that when the ordinate became o or infinite, 
the ſeries expreſſing the area converges lowly ; and therefare, 
Ct ” 3 == 


83888 4 & 
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338 ene 


mentioned EN be ſituated between the beginning of t 


end at each "thy 
conſequently where the ordinates become 0 0 of infinite, Kc. 
thoſe caſes excepted where the ordinate beromes' 0, and! its or- 


reſpondent abſciſſa i is a root of a fational' funAibn W of x 


and u ſerieſes are to be found, whole ſum expreſs the area con- 


* 4 . | 4 v , d 
* 1 

* t 

* ( þ 

L 

* 1 

* . o 


where dhe orflirigtes become o. os infinite, be traunforms. the 
equation, And nds:ſeneles exproſling the area near thaſe points, 


he — 
= * N 8 * 
1 Q N eer 182 _ 3 
UAIS FAG SEILVFOSTIT) \ | a 


W uin the at 18 g that in a — 
3 40: the dimenſions of x, if any root of the aboyer | 
he 


- 


2 


5 11 
abſcifs d and its end ; 5 the ſeries will not converge* 1 it is thete- 


fore neceſſary to transform the abſciſs ſo that it may begin or 


e roots of the above. mentioned « equations, and 


without a denominator, and Tv WPz 18 equal, to the given 
ſeries ;.and in general the abſciſſæ ought to begin | from the 


8 


— Points; for if they end there the ſeries 5 


verge very flow, - if at all. 


ce is further aierted, Fang if. 4 1 ap * 5 of ihe 
Abbitte between which the area is required, be both more near 
to one rootoof the abovt mentioned equations than to any other, 


tained between à and ; then that the ſum of the (#) ſerieſes 
may converge the ſwifteſt, the diſtances of the beginnings f 


each of the n abſciſſæ from the adjacent root will form a 
geometrical progreſſion. 22. TIES TIES 


3 Mr. Cx ATG found the fluent af any fluxion of Se for- 


mala 1s c Kc. by a Peng of the following 
P'2 = _ 


FF wii K 
_———— e e  — — — ſerieſes of the ſarge kind, 

4 Wand the ments of fluxiofis of this formuks:(@ + l + e 
r & (Cg c. re: af; the ſame benen 
is extended ſomewhat more general in the Meditatimmer. q ert 
9. Mr. Jous BERNouLLI found the fluent of any f uxion 


A 12 2 R — 24 +> ga c. from the principles which Mr, 


3 

Crxars publiſhed for finding the fvents of fluxions involving 
ente: JO 1 
In the Meditationes Jawething 3 is added of the ene ever 


of the ſe ſeries ; ;, and alſo, 


= 9. In them A new e i 1s given of 2 approxi 


ö 8 Mations. Let ſome. terms. in the given quantity be much 
90 leſt or grester than the reſt; then reduce the quantity into 
Wh terms proceeding. according to the dimenſions of the ſmall | 
4 f quantities, or according to the reciprocals of the great uar 
ory . tities, and it is done. If the fluent of the quantity reſt 

bly ing is required, find it from the common methods, if poſſible; 
if - but if not, reduce the terms not to be found into an infinite ſe - 
15 mM and then find approximate values to each of the terms, &“. 
10 „Ex. 1. Let R the radius, and A the arc of a circle-whoſe 
1 Py is 8 and coſine C, and Age an arc of a circle which 
$a does not much differ from the arc A, that is, let e be ali 
10 very ſmall quantity s then will the fine of the arc Are be 
10 | Ti -+ | ö 
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Ex. 6. Let the fluxion be — DT where e is a very aal! 


II- 


quantity; ; then, if P be put for V1 —x* , the fluxion becomes 


- 5 Oats | 7 * - &c, of which the fluents will be found 


* — 25 rp A —#P 
: 8 "2" con 1 where. As 
— 25 —5 1 


This 3 18 the Like convergin g fories for its the length L 
of the arc of an elli pſe nearly circular, which is yet known ; 
for example, let- the abſciſs to the axis beginning from the 
center = x, the ſemi-tranſverſe. axis of the ellipſe be 1, 
its ſemi- conjugate 1-4; then will c=2d—4*, and let tho 
length of the quadrant-of the ellipſe be mink in this caſes 


1 7 and PV o; and A E = 1,57079, 


&e. whence the —— required 3 is 1, ven. &c. x.(1=— -- 


236 1 5 25 Ll 15088 
* 7 "FO 2 -4 „ &c.). ef onde "DEI ES 
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5 of which the 2 is EE 


( ”t 1 
letters A, B,. C „Kc. hos 3 n x3 7M 


Cxyt* + &c. into a ſeries A“ fin. ra+B fin. Dec. KG. 


—_ 


of x5 but it is moſt commonly preferable to reduce it into 
ſecantb of the ares of circle, which ſines, &c. can immediately 
be procured from the common tables. 

_ *of the equation tharr to any other muſt he given. In this part 
it is further obſerved; that ſerieſts deduced from expanding 


of the unknown or variable quantities, will not converge if the 


| _ . 4 - l * * * * "IP" | ON" GEE * uf * —yB ads 
[ = Y mu 7 FP So , - y * = Fre #4 ad n * * 2 | ME, 0 PY A mg n * 2 
* 8183 * 190 5 "TEL . 0 EE —— * K þ 7 * * 0 * 8 * * 1 9 ” + las? 0 * CY Vid =, N *% * ach | 2 — 9 : 8 ul” * p 
ht * N oY 5 97 7 7 W Lal 3 N of g's SC & AS ad "Wn 2 + 10 . TA, Te * N 99 9 7 4 4 6 P ks ds * by "3% * 9 — W F * . o _ p 5 be, 
ale... 5 * P ö * mY \ \# L-* bat + * 4 * C3. > * . 4 U r 
of V : 0 — * Þ » = * . 
air : F * W et: : | g 2 
* ** : 4 > 5 4 p « 5 1 
2 1 - \ > * LY 
» . 4 1 
* F ' I - 
170 n ; | 
"A 
*® - 4 — 
4 J # —Ww _ * = * 
F 
. "a + B. " 
$3, ey I 2 — 
a * ** =— 
- by a 
A - , * 
* 
(73 2 © en + 


tities; + ih EF Pe = 0 * ma 5 xl 
+2 


2 4 F 


277 "a * 4 A5 


a+ 2 3aA - 


(3m—1)þ | 


10. M. — and others, reduced the ſeries Ax + By+ ng 


ere denotes the arc of a eircle, whole fine is ar, &c. 


It may be eafily reduced into infinite other ſerieſes proceeding 
according to the dimenſions of quantities, which are functions 


ſerieſes proceeding according to the fines, coſines, tangents, or 


It has been obſerved in the firſt part, that to find the root af 
5 Equation, an approximate value much more near to one root 


given doantities, (Gas 40 proceed according to the dimenſions 


unknown quantities be greater than the leaſt roots of the above - 
mentioned equations; and that they will not converge much, 
unleſs the unknown quantities have a ſmall proportion to the 
Teaſt roots: and af | the given“ quantities be expanded into 
ſerieſes deſcending according tothe dimenſions of the unknown 
quantities, then the ſeriæſes reſulting will not converge if che 

greateſt 


„ 


the unkron quantities: and unleſs the unknar'n quantities 
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thouſand numbers at leaſt are to be calculated, to- procure 
the ſum of the ſeries true to four figures; therefore, in 
and moſt other ſerieſes it is neceſſary firſt to find a near value, 
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11. 


. be rater than 


have a great ratio to the greateſt roots the ſerieſes will converge 


ſlowly : for exiniple, the ſerieſes sf = ——=x—Fa"+&c., 11 


22 — 55 e. e will never con- 


verge if x, 2, or y, be greater than 1; but will always con- 
verge when leſs than =1 or =1 i the leaſt or only roots of 


the den 142 , 1—-F=0, and 1 [+5 =O. The ſeries 


 I+33 +&e. will always converge when y is ſituated between 


+2 and —1, in which caſe alone it is poſſible. The fame is 


true alſo of a ſeries arifing from expanding the {(ax* + bx" , 


c ＋π &c. ) N i into a ſeries proceeding according to the Mods 
ſions of x, if the equation ax* + c. &c. So has 
only two poſſible roots « and — a, which are leis in the manner | 
before-mentioned than any impoſſihle root contained in it. 

Tf in either of the above-mentioned ſerieſes the unknown 
quantity *, 2, or y, has a great proportion to I, the 
fertes will converge very flow ; for example, if x=1, ten 


. theſe 


viz. when x either x, when e is very ſmall ; or e, when z 18 


very ſmall; and then write 2 +e for x in the quantity, and 


„. 


reduee it in the former caſe into a ſeries proceeding according 
to the dimenſions of e, in the latter caſe according to 
the dimenſions of x, and there will ariſe two ſerieſes, of 
which the fluents properly corrected, vis. by adding the 
fluent contained between the values @ and e ta the latter, 
and that betureey a and z to the former, will give the ſame 
fluent. 
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ä Dr. V W 
fluent; — "of th Texiesy i week 16 , 
2 nm neee when. 
K 2. 8 131 2 JT! 5 617 7 
11. a W Pa, V 10 unc ien of x, be dana 
into another Qz, where Q is a function of x, and they be 
reduced into ſerieſes A and B, proceeding accordiug to the di- 
menſions of x and 2 reſpeRively ; ; find a and , correſpondent 
values of the quantities # and z; then in aſcending ſerieſes, if 
« has a leſs ratio to the leaſt root of the equation Po, than 
has to the leaſt root of the equation Qr o, the ſeries A 
( exceptis excipiendis) will converge ſwifter than the ſeries 3. 
12. Dr. Bazrow, in ſome equations, expreſſing the relation 
between the abſciſs x and ordinate y, found y in the two firſt 
terms of x, viz. y=a+dx, which is an equation to the aſymp- 
totes of the curves. Sir Isaac NEwrToON, from an algebraical 
equation given, expreſſing the relation between y and x, found. 
a ſeries proceeding according to the dimenſions of x, expreſſing 
yin terms of x. M. Lz1Bx1Tz performed the ſame problem 
by aſſuming a ſeries Ax BY Cx + &c. with general 
coefficients, and ſubſtituting this ſeries for y in the given equa- 
tion, &c. from equating the correſpondent terms he deduced 
the indexes and co-efficients. M. vs Moivss, Mr. Mac 
LavkiN, &c. obſerved, that when the higheſt terms of the 
given equations have two or more () diviſors equal; for 
ec.rxample, ( a); to which we muſt add, and when a 
value of Y ” this caſe is required nearly equal to Ax", a ſeries 
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Av+Bx* = þ- &c. is to be aſſumed, whoſe indexes differ 
* by - — » &c. if otherwiſe they would ditter by r. 


This reducuon ſeldom anſwers any other purpoſe than find- 
ing the fluents of fluxions as a, &c.; or the aſymptotes, &c. 
3 


— 


n Wan 4 
Gries; but will very ſeldom. be uſed for finding the roots of an | 
equation; the rule of * falſe, or method Sven by Vis TAs Will 
20908 be ſubſtituted 1 in its ſtead. 10 Wy rl g. 3 TV" 115 7 TR 
13. The values of x may be required between. which the above- 
— ſeries A EB 4+ Ca"T &c. will conve ge, as 
the infinite ſeries anſwers no purpoſe when it Aiyerges,, Fi "rlt, 
if an aſcending be required, write" for y in the given Ugebrayl 
equation an infinite quantity, and find the rogts of x in the 
equation thence reſulting P o; which for y write in the ſame 
equation, and find the roots of x in the reſulting equation 
which contain irrational quantities, viz. if one root be * 4 
then let it contain (#—@)", where m is not a whole number; ; 
find the roots of the equations [reſulting from making every 
irrational function of (x) contained in the given equation = SO. 
there being no irrational function of 4 7 contained i in it; then, 
if # be greater than the leaſt. root not =0 of the above-men- 
tioned equations, the ſeries, will not converge ; 3 but if it be a 
ſeries deſcending according to the dimenſions of * and * be 
leis than the greateſt root of the above-mentioned equations, 
the ſeries will not converge. -, | -- , .,, - 
In interpolating ſerieſes to inveſtigate. the fluent co tinen "I 
between two values a and bof the fluxion (Ar- B.. T &c. ), 
it is preferable to make the abſciſſæ begin from every one of 5 
the above-mentioned roots contained between 4 and 6. 
Moſt commonly theſe ſerieſes will not converge unleſs x 
by leſs, &c. than other quantities not inveſtigated by this rule. 
14. Sir Isa AC Nxwrox gave an elegant example of this rule 
in the reverſion of the ſeries, y = ar +bx*+cx*+&c. from which 
the inveſtigation of the law of the ſeries has never been 
attempted. In the year 1757 J ſent the firſt edition of my 


Vol., LXXVI. A Mlieditatione: 


e 


= 114 . Df Wa LEW on 


2 8 ce to thER6931 8 iet ety, and publiſhed it in 
1768 end teste in 1764, with Metber part added, on the 
x Properties of burves Euler "the title of Miſcellanea Analytica, in 
all which was given the law of a ſeries for finding the ſum of 
the! powers of the'roots of an equation from ĩts co- efficients. That 
great m 5 mathematician M: Lx GRAN and myſelf printed about 
uy the fame time an obſervation known to me at the time that-I 
printed the above mentioned book, that the law of its powers 
aud roots, if it Proceeds in infinitum, is the ſame; from 
Which ſeries of mine, with great ſagacity, M. La Geancs 
found the law which Sir Isa *c NRW TON's reverſion. of ſerios 
obſerves. In the Meditationes the lw is given, and the ſeries 
a Is made to — to the dimenſions of x," &. 
DEED 15. It is afferted in the Meditationes, that in moſt * 
== "of bigh dimenfions, unleſs: purpotedly conſtituted, the ſum of 
= the terms which, from the given hypotheſis, become the 
| greateſt, being ſuppoſed = 4 only an approximate to the value 
Ar of y in the refulting equation ean by the common algebra 
be deduced. In this caſe the approximate to the quantity A is 
ts be found 0 near as the approximate value of the quantity 
5 fought requires; or perhaps i it is preferable to correct in every 
5 operation the approximate values of the * B, C, Kc. 
in the ſeries required A” INC &. 50 
In the equation the quantity z may be ſubſtituted firs *, 
and from the equation reſulting a ſeries expreſſing the value of * 
may be found, proceeding either according to the dimenſions of 
the quantity z, or its reciprocals, —_— to Ahe conditions of 
the problem. | .. h : 7 
16. If there are more than one 00 equations Bring (1+ J 
unknown quantities (#2) Y, x, Kc. ): in each of the equations for y, 
* 
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1 48 * OP. 
by 5 \ p 4 
iT * —_ A * mY 
at a 
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WP _— * as 
_ Gee. Wiite reſpe@izely A, A's", Ker; and ſuppoſe the, 
terms of each of the equations; which reſult the greateſt from 
the given or aſſumed hypotheſis =o, and from the reſoltipg | 
equations may be found the firſt approximates Az", A*'x",.&c.) 
either accurately or nearly; then, in the given equations for | 
3» x, &c. write y (A+) * + But" ＋ Kc. (AT 
B, where a, a“, &c. are very ſmall quantities; and ſuppoſe: 
the terms of each of the equations which become greateſt from, _ 
the above-mentioned hypotheſis reſpectively = o, and from the 
equations reſulting deduce the quantities a, , &c.; . „, 
&c.; B, B', &c.; and ſo on: or aſſume y (lb $2 421.hr- 
Ke..) * ＋ (84 15＋51＋＋ Ec.) ** ＋&c.; X (A ＋ 1 TC 
Kc. (Ic Er + &c. &c. ; ſubſtitute theſe 


"_— for their valves in the 4 2 and from : 


may be Ute I the cunts r 
The differences of the indexes , &c. , &c. may be de- 
duced by writing , x", &c. for y, x, &c. in the given equations, 
from the differences of the Indexes of the quantities reſulting. | 
The ſame principles may. be applied i in finding the above- 
mentioned differences, when two or more values are Ax", &c. 
which were applied in a a like caſe 0 one equation having two 
unknown quantities. * 
The ſame orinciples which beer the caſes in which T 
ſeries deduced from an equation having two unknown quanti- 

ties will converge, may be applied for the fame purpoſe to 
theſe eres. 
17. In the equations PIR *, Y, , &c. write h * e, 
„Y Ag, &c.; and from the equations reſulting find 9, 
; &c. in ſerieſes either proceeding according to the dimenſions 
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of che tte , Ke. of accufding 8550 bone, 
* the quantity” 47, as the conditions of the problem require. 
18. Given one or more (3) algebraical equations e 
n) uhknown quantities, one unknown quantity (y) may 
be expreſſed by a ſeries proceeding according to the dimenſions 
of the m— 1 remaining ones (r, x, v, &c.), in which any dimen - 
tons of =, v, &c. aſſumed may be ſuppoſed er to 8 
| . -Gmenfions of the quantity (). 3 0 
29. In a fluxional equation of the n ade; expreſſi ing the 
ation between x, y, and their fluxions, where x is conſtant, 
Mfr Evress ſubſtitutes i in the given _—_— for r, JN = 
&: - 
, „ Kc. reſpeftvely Ara, — TIN . , 


. A FIT 1 2 * , Tr "6 
oo TY . , TN ma) 


el 
1 greens — Hed + bar + ci, Ke. where 
a, b, c, &c. are any quantities to be aſſumed i in ſuch a manner as 
the conditions of the problem require; from ſuppoſing the 
aggregate of the terms of the reſulling equation, which are the 
greateſt, So, may be deduced the firſt approximate Ax”, or elſe (as 
is beforementioned) A* a near approximate to Az", and by pro- 
ceeding as in algebraical equations another approximate may be 
found, and ſoon. The ſame may be found by aſſuming y= 
Ax B- + Cyts þ&c. K Der + &c. or y= 
(ATT &.)x+(B +16+b1+&c.) x" +(C+1c+cr 
&. D* &c. ar- — by + x + Bee. and ſubſtituting 
it and its fluxions for their values Ys J. y. &c. in the given 
equation, and ſuppoſing the aggregate of each correſpondent 
terms, which do not very much differ from each other, o; 
wg the reſulting equations can be deduced the co-efficients 
A, B, C, &c.; or A, 1a, at, &c.; B, 16, He! . 
Tre. KC. y In 


10 FY given equation for» 5 4, 1 wile fluxions fabRiitute 
5 %% g, and their fluxions, where the quantities. F and g. 
&c. are aſſumed, fo as to render the 3 4 and x, &c. 
very ſmall. 1 
In finding the ſeries which cipreſcs the inks of y in terms. 
of x, there will always occur as many invariable quantities to 
be aſſumed at will as is the order of the fluxional equation, 
provided the ſeries begins from its firſt terms ;_ayd to find them 
there will, reſult equations eafily reducible to homogeneous: 
fluxional equatigns, of which the orders do not exceed m. 
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a certain proportion « of reſpirable or nitrous air miſcibility with 


diſputes which the obſcurity of that ſubject had occaſioned, 
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EPATIC Air is that ſpecies of permanently elaſtic fluid 
which 1s obtained from combinations of ſulphur with 
various ſubſtances, as alkalies, earths, metals, &c. It poſ- 
ſeſſes many peculiar and diſtinct properties; among which the 


moſt obvious are, a diſagreeable characteriſtic ſmell emitted by 


no other known ſubſtance; inflammabilit „when mixed with 


water, to a certain degree; and wer of diſcolouring me- 
tals, particularly filver and mercury. Theſe properties were 
firſt diſcovered by that incomparable analyſt M. SchzkLꝝE. 


This air acts an important part in the co my of nature. 


It is frequently found in coal - pits; and the truly excellent and 


ever to be regretted M. BxnMAN has ſhewn it to be the 


principle on which the ſulphureous properties of many mineral 1 


waters depend, and thus happily terminated the numerous 


There is alſo great reaſon to think, that it is the peculiar pro- 


duct of the putre faction of many, if not all, animal ſubſtances. 


Rotten eggs and corrupt water are knowen to emit the ſmell 
peculiar to this ſpecies of air, and alſo to diſcolour metallic ſub- 
ſtances 


1 


0 


8 


ſtances in the ſame manner. M. VieLLArD has lately diſco- 
| vered ſeyeral other indications of this air in putrefied blood. 


inveſtigation, it has as yet been very little attended to. The 
experiments of M. BeRGMAN have not been ſufficiently nu- 
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Mr. Kiwis Experigents, be. 72 5 119 


Vet, deſerving as this ſubſtance apprars to be of a thorough 


merous, and thereby led him into ſome miſtakes. Dr. PRIESTLEY 


bas intirely overlooked it. The reſearches of the ingenious M. 
' SENNEBIER, of Geneva, have indeed been very extenſive; 


but as, for particular reaſons, he operated on this air over 
water (by which it is in great meaſure abſorbed) inſtead of 
quickſilver, his concluſions appear in many reſpects objec- 
tionable, as will be ſeen in the ſequel. The experiments I have 
now the honour of laying before the Society were all made 
over quickſilver, and ſeveral times repeated... 
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OE is wall known, that faline You of ſulphur 3 is formed, ii in 
the dry way, of a mixture of equal parts of vegetable or mi- 
neral alkali and flowers of ſulphur, melted together by a mo- 
derate heat, in a covered crucible. 1 examined the circum- 
ſtances of its formation, and obſerved, that when this mixture 
Was ſlightly heated, it emitted a bluiſh ſmoke, which gra- 
dually grew whiter as the heat was increaſed; and at laſt, when 
the mixture was perfectly melted, and the bottom of the cru- 
cible flightly red, became perfectly white and inflammable.. 
To examine the nature of this ſmoke, I made a pretty pure 


fred alkali, by deflagrating equal parts of cream of tartar and 
nitre 


— ——o—s — 


m 


heated the mixture i 
the air proceeding ike it over quickſibver. oll 
—4 The "firſt portion of air that paſſed with a very . tuck 
of the fetort itſelf, ſlightly phlogiſticated. It 


* 1 U . 4 2 
» * 4 PW . * 4 - . D ih ab © Ss a "8 - _ * 
* 9 4 G : Fen % 4 
VET 7 n ie. ira BE RIS 7 
: A * * 
2 mri? 5 7 
. - =, _ 
% N 
* hy 1 * 4 
= 
_ 


a1 EF DOR 
Hitre KH ref hot erde ble im the foal way'3' and mixing this 


falt- perfect dry with Rowers of ſulphur in much ſmaller 
quantity. as I believe" (for 1 did not weigh the falt, [leaſt it 


"hould;" duritig "the weighing, attract moiſture) T gradually 


n 4 fmall coated glaſs retort, and * 


"Gas "ths 
*artibunifed to 1,5 cubic inches, and with Dr. PxresTLEY's ni- 


trots reſt (that is, an equal meaſure of Aitrous: AY es m 
Was t „29. t contained no fixed air. 3 : 


1 to about ri cubic inches. It was of a reddiſh colour, 


and ſeemed a mixture * nitrous and common alt. It guy 
acted on the mercury. 


The third portion caniſted df ul wan: and e 
to be of the ſame Ling as the laſt, but —_ with. A | little fixed | 


44 


SOLE 1 ne e 
This was An by bi = inches of Almoſt f perteciy 
pure fixed air; and the bottom of the retort being now red, 


ſome ſulphur ſublimed in its neck. When all was col . ver of 
| ſulphur was found in the bulb of the retort. 


Hence we ſee, that the blue ſmoke confiſts chiefly of Fixed 


air, and the white or yellow ſmoke of ſulphur ſublimed ; and 


that no hepatic air is thus formed ; nor vitriolic air, unleſs the 


retort be ſo large as to contain a ſufficiency of common ait to 


admit the combuſtion of part of the ſulphur. ny 
2dly, That the aerial or any other acid, combined with the 


alkali, muſt be expelled before the alkali will combine with 


the ſulphur. Liver of ſulphur exerciſes a ſtrong ſolving power 
on theearth of crucibles, and readily pierces through them. 


. The 


The ſecond portion of air bbthined | by Winde; is best 


WH fixed air from the atmoſphere, I threw ſome pulveriſed calca» 


1 e 5 1 al tat 
Ii The above experiment ſeems#to ſhew that livet of ſulpbur | 
will not yield hepatic air without the addition of an did : and 
I believe this to be true when the expetiment is made in the 
dry way, and nearly ſo in the moiſt way; for having added 
200 grains of ſulphur to a concentrated ſolution of ſtrong 
cauſtic vegetable alkali, by a ſtrong and long-continued heat I 
obtained only 1 cubie inch of hepatic air; yet it is well known, 
that a ſtrong ſolution of liver of ſulphur conſtantly emits an 
hepatic ſmell, even 3 in the temperature of the atmoſphere; 
and the ſubſtance ſo emitted contains ſo much hepatic air as to 
dſcobour ſilyer and lead, and even their ſolutions; which 
 ſhews, that an iticomparably ſmall quantity of this air is 
= capable of producing this effect, To diſcover whether this 
= cxrication of hepatic air might be cauſed by the depoſition-of 


requs hepar into atzated water, and by the application of heat 
endeavoured to obtain hepatic air, but in vain: . indeed, 


the very cio e that the 
are always Rrrongaſt — R inſtant bottle of the 
hepatic ſolution is opened, — to indicate that fixed air is no 


= = concerned in its production. 


The beſt liver of ſulphur is made of equal parts of ſalt of 
tartar and ſulphur; but as about one-fifth of the ſalt of tartar 
cunſiſts of air which eſcapes during the operation, it ſeems, 
that the proportion of ſulphur predominates in the reſulting 
compound; yet as ſome of the ſulphur alſo ſublimes and burns, 
it is not eaſy to fix the exact proportion. 100 grains of the 
beſt, that is, the reddeſt liver of ſulphur, afford, with dilute 
marine acid, about 40 cubic inches of hepatic air, in the tem- 
perature of 60 a quantity equivalent to about 1 13 n of 


ſulphur, as will be ſeen in the ſequel, 3 
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h air. If the concentrated nizrous acid be uſed, it will 
afford Aided air; but Having diluted ſome nitrous acid, whoſe 


ſpeeiſſe gravity was 1,347,' with 20 times its bulk of water, 1 


obtained, with the Ane of * as #79 hepatic aur“ 2s 
with any other acid. a 


The — Abra c 1 pou wy on Rver of en 
Ad but little hepatic air without the aſſiſtauce of heat, 


though it inſtantly derompoſes'the liver of ſulphur ; and it is 


4 partly for this reaſon that the proportion of air is ſo ſmall; for 


it is during the gradubl GeevaGrion' of fulphu 
pounds that hepatic air is produced. 0 


1 


Diſtilled vinegur extricates this air in is temperature ort 2 


atmoſphere ; but it is hot n its — n en a 
witk that of vinegar. or Nin 


The acid of ſughr my produced fore quantity of this airs in 
the temperature of .. 
20 grains of ſedative falt, or acid 0 it ſn 


| f. þ TY , ; 
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95 be called) diſſolved in an ounce of water, y being obared on liver 


of ſulphur, afforded hepatic air” ny: 1 en ma vas} — 

or nearly ſo. n bot 3 Vow 

Neither the atvatndt arſenical _—_ bees any. 21% 
Liver of ſulphur i is ſoluble not only in water but in int of 


wine, and in cauſtic volatile alkahies ; and the colour of both 4 
ſolutions is red. Sul ph ur 18 precipitable from the former by 


the addition of water or of an acid, — from the latter = | 
by an acid. [92/1 A 7 

Having made frets liver of 1 in | whieht che pro- 
portion of ſulphur much exceeded that of the alkali, 1 
poured on part of it ſome oil of vitriol, whofe ſpecific gravity! 


was 1,863: by this means I obtained hepatic air, ſo loaded 


. acid is the beſt adapted to the pls of 


urcous' Fo. 
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08 Hepatic = 
with TO , Pore at depoſited ſome in the tube through ? 


which it was tranſmitted, and on the upper part of the glaſs 


xeceiver. 0 This air 1 transferred to another receiver; but 


though i it was then perfectly clear and trauſ parent, and amounted 
to 6 cubic inches, yet the next morning the inſide of the glaſs 
was thickly lined with ſulphur, and the air reduced to i cubic 
inch, which Was pure vitriolic air. Hence i it appears, firſt, that a 


ſpecies of elaſtic fluid may exiſt in a ſtate intermediate between 


the aerial and the vaporous, which is not permanently elaſtic 


like air, nor immediately condenſed by cold like vapour, but 


which, by the gradual loſs, of its ſpecific heat, may be reduced 
wa concrete form. 2dly, That ſo large a quantity of ſul- 


phur may be combined with vitriolic air, as to enable it to ex- 


| hibit the properties of hepatic air, for ſome time at leaſt. "RF 
mixture of three parts pulveriſed quick- lime and oue part ſul- 
phur, heated to whiteneſs in a covered crucible for one hour. 
became of a ſtony hardneſs, aud being treated with marine 
acid, afforded hepatic air. If a piece of this ſtone be heated 
in pure water it becomes bluiſh, and hence the origin of the 


blue marles generally found near hot ſulphurated waters. 
A calcareous hepar may alſo be formed 1 in the moiſt way, as 
Is s well known. 
Magnefia free from . air, bak 4 in the ſame manner 


with ſulphur, afforded no on air when an acid was poured 


"2 ald . this air from a mixture of three parts ** of 
iron and one of ſulphur, melted together, and treated with 
marine acid. It is remarkable, that this ſulphurated iron, dif- 


ſolved in marine acid, affords ſcarce "DF: inflammable, but 


2 ag niger Le A:mixtivre 


£3 Þ 


moſtly hepatic air. 


Ih kv Wann hs * 4 

A mixture of equal parts filings of iron and Falplite, 
muaade into a paſte with water, after heating and becoming 
. black, afforded hepatię air when an acid was poured on it; but 
this hepatic air was mixed with inflammable air, which pro- 
bably proceeded from the uncombined iron. Aſter a * days, 

this paſte loſt its power of produeing hepatic ar: 
M. BaxoMaAx has remarked; that nn of 'Colpbor 
with ſotne other metals yield bepatic 3 | 

I LattemptedextraQting air from a mixture of oil of elves with 
cauſtic vegetable alkali. It immediately whitened, and on ap- 

_ plying heat. efferveſced ſo violently as to paſs over into the 
* receiver: nor had better ſucceſs on adding an acid, as 1 might 
well foreſee. The event was different when on a few grains of 
fulphur I poured ſome of the oil, and heated them in a phial 
with a bent tube; for as ſoon as the ſulphur melted, the oil 
began to act on it, grew red, and emitted ee imilar 
to that produced by other proceſſes. | _— 

- Talfoobtained this air in great plenty Sn a mixture of equal 
parts fulpbur and pulveriſed charcoal, out of which its adventi- 
tious air had been' as much as poffible expelled by keeping i it a 
long time heated to redneſs, in a crucible on which a cover 
was luted, with a ſmall perforation to permit the air to eſeape. 
This air was inflammable, as appeared by holding a lighted 
candle before it during its emiffion; yet it is hardly poffible to 
free charcoal wholly from foreign air, for 1 it ſoon ee it 

when expoſed to the atmoſphere. | 

This laſt mixture, when diſtilled, aflording A law — 
of hepatic and ſome inflammable air, without the addition of 
any acid, I imagined, that as the retort was only balf full, it 
might contain a ſufficiency of atmoſpheric air to admit the 
combuſtion of part of the ſulphur, . and thus furniſh the neceſ- 
a " OY We ” as 
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firy acid; but when I filled the retort with air lag ltere 
by che nitrous teſt unto 1,8, and in this air diſtilled the above 
mixture, the refult was exactly the ſame as when the retort 
was filled with atmoſpheric 1 

Sir grains of yropburur, made of alum and "OR 4 
veſced with marine acid, and afforded 2,5, cubic inches of he- 
patic air. This pyrophorus had been made ſix years before, 
and was kept in a tube hermetically ſealed, and for many ſum- 
mers expoſed to the ſtrongeſt light of the ſun. It was ſo co 
buſtible, that ſome grains of it took fire while it was intro- 
| duced into the phial out of which the hepatic air was expelled. 
A mixture of two parts white fugar (previouſly melted in 
| order to free it from witer) with one part ſulphur, when heated 
to about 600 or _ _ _ out * air 3 Nr c 


and 1 755 A gave out no * air when. 
treated with acids. Water, ſpirit of wine, and marine acid, 
decompoſs this ure, diſſolving the ſu gar, and leaving the, 
flphar... Woe 
A mixture of fulphur and Era; afforded me no hepatic 
air. 
1 then wel whether" Lulpbur "could combine with elaſtic 
fluids, and the reſults were as follows. %j wy 2 
12 grains of ſulphur, heated in a retort, filled with met; lic 
inflammable air, afforded no hepatic air; though when the retort 


was cold, and for ſome time expoſed to the air, it ſmelled of 
hepatic air. It is true, the heat I applied might be inſufficient ;- 
fog the inflammable air paſſing over with a flight heat, the 
mercury aſcended ſo high into the neck of the receiver, that, 
fearing the rupture of the retort, I was obliged to . 
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addifion 0 of hepatic air, or rather of ſulphur. 1 
Air, fot five day 8. The fixed a air was not diminiſhed, but re- 


taken out of this. 
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a s 8. ae 
the operation. I had no es. ſucceſs when the ſulphur, pre- 
vious to its diſtillation, had been moiſtened with | marine acid. 

1 Again, L expoſed 18. grains of liver of ſulphur to ſix cubic 
inches of fixed air, thermometer 70”, for. four days. Tbe 
liver of ſalphur was ſomewhat whitened on the ſurface ; the 
Air had not an hepatic ſmell, but rather that of bread. I was 
nat converted i into Phlogiſticated air, but ſeemed to have taken 


up, ſore ſulpbur, which lime-water ſeparated. It was not in 
the lealt e duniuiſhed, and therefore ſeems to bare received an 


117 7 


N alſo expoſed a a, quantity of ſulhureo-martial ale to 72 


9 hon of | inflammable,jr. The paſte itſelf, 
IS. air, and expoſed to the atmo n. beated 


ceived. a flight 3 


Rrongly. nt, & bad 172 4417 
Laſtly, a # expol fed” 3 grains = <ulphur | to al 12 cuhic 
inches of "marine 6 air. It was not diminiſhed i in four days; nor 
Was the fulphur fenſibly. - On adding one cubic inch of water 
to. this. air, it was abſorbed all to one inch, and this had an 
hepatic ſmell ; o that neither was the ft vlphur decompoſed, 
nor the marine acid converted into inflammable air. ſn The wa- 
ter r had alſo an W ſmell, and evidently contained ſulphur 3 
for it precipitated the, ſolution of ſilver brown mixed with 
white, and the nitrous ſolution of copper _redd; 71 brown, and | 
when vegetable fixed alkali was dropped into it, let fall a white | 
905 pitate, nomely, ve e | 
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Ea gs DG cxhauſted by Mr. Hos: TER' 8 new E air 
Pump. whole. effect is ſo conſiderable as to leave i in general only 
++ and frequently but ves part of. unexhauſted air. This 
bottle contained 116 cubic inches. s.nearly ; ; and this quantity of 
hepatic air weighed. 38, 58 grains, the thermometer being then 
67? 35a; the barometer 29,94, and M. | SavasuRE's hygro meter 
bs 2 Ihe wei the of 1 16 cubic idebes of atmoſpheric air 


1 ..43T DC; 


being at the ame time 34:87 grains; 3 hence .; a cubic foot of. 
— 750 air 1 Mr in theſe . 574,789 graips, 

ic inches I, 9 it weigh : a bout 33 graips; and } 1 
vely V. it t lat of, cornmon air, is as 19000 to 9038 U. | 


* 


This, Enge air \ from artificial | pyeites by marine 
acid. 1 E bil DCs se 

"The. infladymabilie | 72 air, bas been already mentioned. 
It neyer detonates with common a air; nor can 1 it be fired, in a 


f narrow mouthed veſſel, unleſs, xed, with A, 0 conſiderable pro- 
portion of this air. M. ScirzxE found it to inflame. when 


1 


mixed with v 0-thirds of this ai ng Accent to M. St ee wel 


#4 'h £4. 


whds Henee the weight which have afgned to common A i y ar papel, Met 

u. Fontana, is evidently errone6us ;. ad, indeed, by that determination com- 
mon air would not be even 709, times lighter than water, zin the temperature of 
5 „ and the barometer 529,53 which contradicts all barometrieal and aeroſtatic 2 
experiments : and I cannot omit mentioning t the very near r agreement. « of the weight 
of common air here found with that reſulting from the calculation of Sir "_ 


eefgäbes, it is ſo great as to differ only by 2 grains in a'cubic foot. 
| 1797 - 
it 


A 1 * 
it cannot be fired by the electric ſpark, even when mixed with ay - 
proportion of reſpirable air. I found a mixture of one part of he- 
pati air and 1 of oomton ait to burn blue, without flaſhing 
or detonating. , Du uri ng the combyſtion ſulphur 677 conſtantly 
ee and a ſme * of vitrio ic air is perceived. A mixture of 
half hepatic Rr fey er pitrous air burns with a bluiſh, {51% 
abe ellow lambent flame; fulpþur” a6 alf deh fited, 

N 35 wen a caldle dipped in this a1 1 


proportion a as 2 i be, 
more, W - weak nk Sn d. A e e Wo 


55 57 air partially 7 urns, bas a 
extinguiſhed in the r re mo 


f 


Hel thin es i in conta with a = 0 1" eric al 
6 a mixture of one p nitro! t hepatic 4 


ad to this admitted one e part alle /of 


4 mixture of four parts common 
| hymned blue and rapidly ; but. a — 95 — 
3 N 6- 2 lich hat n wi 
report as loud 4 as that of a piftöl, Aud 10 ift 

bento wal the colour of the Haine could roy be diſcerned.” 
Every ſpecies of hepatic air turns the tinflure of Br 1 AM 
M. BenoMAN ſeems to think, that, if this air were walhed, 
roduce this effect; yet, when I had paſſed two 

— it —— one of water, or vyhen I had boiled it 
out of water impregnated with it, or even hEn I paſſed that 
which had already teddened' litmus, into a freſh quantity of 
litmus, it ſtill preſerved the fame property, which I therefore 

_ conſider as eſſen tial to it. 


With 


. 


4 N 


„Wu 8 to bath in wp — Airs, extrafted 
from. different materials differ conſiderably. , In the temperature 
| of 66%, water diflolyes, by. light agitation, two-thirds of its 
bulk of alkaline or calcareous hepatic air, extracted by marine 
acid; three-fourths of its bulk of martial hepatic air, extracted 
by the ſame acid; eight- tenths of that extracted by means of 
the concentrated vitriolic acid, or the dilute nitrous or ſaccha- 
rine acids in the temperature of 60* ; ſeven- tenths of ſedatire = 
hepatic air; -nine-tenths of.: acetous hepatic air, and of that I 
afforded. by oil of olives; and its own bulk of that produced 
from a mixture of ſugar and ſulphur. In general, I imagined 
that which required moſt heat for its production to be moſt 
ſoluble: though 1 in ſome inſtances, particularly that of acetous 

hepatic air, that circumſtance does not take places; EA ten 56: 
But the moſt remarkable phznomenon attending the.u union | 
of hepatic air with water is, that it ĩs not permanent Even 
water, out of which its own air had been boiled, in a few 
days after ſaturation with bepatic air grows turbid, and n a 
few weeks depoſits moſt of it in the form of ſulphur, though 
the bottle be ever ſo well ſtopped, or ſtand inverted; in 
water or mercury. Yet water no way decompoſes hepatic air 
by abſorbing 1 it ; for the part left unabſorbed by a quantity of 
water is abſorbable by a larger quantity of water, and burns 
like other hepatic air. Heat does not n this air from water, 
until carried to the degree of ebullition. N 

No ſpecies of hepatic air, which 1 * examined, precipi- 
tates lime from lime water, exceptithe-carbonaceous ; and even 
this ſcareely produces a ſenſible precipitation, unleſs a large 
quantity of it * made to * — a {mall ys _ 
— L340 14.59 64: 8 4017 {15443 4 
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4 aslres in AMES vi rinepa sd er ed brow an turbid by 
this air, But trat of marie barb-ſtlinue is not altered; nor are 


the” folations of other earths. "Metallic folutions ars affefied 
by it in in the fame manner as by Heparie ad of which r an 
treat in the fifth ſection. * 3 
® But of all the teſts of W air, the molt 4 delica und a. 
fible is the ſolution of filver in the nitrous atid. This, according 
as the nitrous acid is more or leſs ſaturated with ſilver, decotmes 
black, brown, or reddith brown, by contact with hepatic air 
however mixed with any other air or fubſtance. When the 
acid is not ſaturated, or is in large proportion, che k zYrown- or 
black N wn 1 18 nothing b bur — Ec 
| re-diflolved. * 8 


diminiſhed by long ding on i thereury, hols furface is: then || 
blackened by it. This is particularly the caſe of carbonaceous 
hepatic air, which certainly carries over and volatihzes part of 
the charcoal from which it is extracted, eſpecially that 

of air wh ich Comes over in "0 1 odd un it 9 
"7 on 1 addition of water. — 


nw . green 
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SECTION TTY 
of the Adin of yan 1 other Arrial Fluid an 2 other. 


. 


tim. Pr inches of common 5 92 of gate air: heing 
mixed with each other, and ftanding over mercury for-eight 
days, were not in the leaſt altered in their dimenſions or ather- 
wiſe; though a diminution of a th part might be perceived. 
The mercury was ſlightly blackened. The event was the fame 
when 
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122 air. No fixed air was found. 
Dies moeaſutes of hepatic, and five of dphlogifecated as 8 


three - tenttis of a meaſure, remained unaltered for eight days, 
the mercury only being blackened. No fixed air was produeed, 
nor the dephlogiſticated air phlogiſticated. When the mixture 
way fired, it went off all at once with a loud report. 


hepatic, and left the phlogiſticared air. 
Four meaſures of „„ hepatic vir remained 
Neputle ani bös er airior acid fir Faire 


no diminution- in three days. The mercury on which they 


ſtood was not blackened. Water took up both, and anne 
me ſolution of filver black. 


. hejitke” ab food air retntlaicd ow 


days without any ſenfible diminution. F out meaſures of water. 
abſorbed the greater part of both; had an hepatic ſmell, preci- 
= pitted lime from its ſolution, and alſo filver, as uſual. The 
I refiduurm extinguiſhed a candle. 

| - But vitriolie, nitrous, and alkaline airs * very remarkable 
effocts on hepatic air. yr 

Teo meaſures of hepatic U introduce to two 'of vitriolie 


air, a whitiſh yellow depoſition immediately covered both the 


dp and ſides of the jar, and both airs were, without any agi- 
tation, reduced to little more than one meaſure ;- but the opa- 
city of the incruſted glaſs preverited my then aſcertaining the 
diminution with precifion. Hence I repeated this experiment 
more at large, in the following manner. To five meaſures of 
vitriolic air (each meaſure containing a cubic inch) I added one 


83 of 


* 


pure that one meaſure of it and two of nitrous at made o 


| logiſticated and four of ante 0 ak re- 
2500 undiminifhed for fixteen days: water then took * the | 


at 
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| the ſides 105 the eee copercd, with n — whidty 


{ſeemed moiſt, and a diminution took place af more than dhe 
meaſure. Iu four hours after, L introduced a ſecond meaſure of 


hepatic air, which was followed by a ſimilar diminution and 


depeſit. The next day added three more meaſures of this laſt, 
at the interval of four hours between each; and ſtill finding a: 
conſiderable diminution after each, I the following day- added; 


another - meaſure ; the diminution produced by this laſt ap- 


peared to me not to exceed one meaſure. I then poured off the 
reſiduary air into another Jar, and found it not to exceed three 
meaſures; ſo that here eleven meaſures, namely, fiye of vi- 
triolic and ſix of hepatic air, were reduced to three. Into one 


meaſute of this reſiduary air I introduced a lighted candle: it 


was immediately quenched. To the two remaining meaſures 


J added one meaſure of water: by agitation it took up four- 
tenths of its bulk. To part of the remainder I added nitrous: 
air, which had no effect upon it. Another aw 1 it extin- 
guiſhed a candle. It had not a vitriolic ſmell. Fa 

The water which had taken up 8 of its bulk oy 


| this air did not precipitate lime ; nor did it affect acetous'baro-; 


felenite in leſs than a quarter of an hour, and then produced a 
very flight cloud. It ſeirfibly reddened litmus, and precipitated 


the ſolution of ſilver white; and hence it appears to have taken, 
up a very minute portion of vitriolic acid. And what was not 


taken up by water ſeems to have been mere phlogiſticated air. 
OD” afterwards waſhed the ſulphur, which coated the Jar, with 
diſtilled water. This water ſlightly reddened litmus, precipi- 


tated not only the acetous, but alſo marine baro-ſelenite- co-: 


piouſly, as well as marine and nitrous ſelenite ; alſo the nitrous: 


folutions of filver, lead, and mercury, all white. It even 
2 | precipitated 
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F precipitated. ln 0 lupe water; forming a lauch in. 4 
which neither the fixed nor volatile acid of vitriol can produce, 


Hence this wa 
trar 3; e 
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ter contained nothing hepatic; but, on. the _ 
Blk. -BEqPorfipn.. of the . and ; vitrialio, 


= 3281. 
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acids *. rt ge 118111 
With nitrous air I made the flowing experiments, / Firſt, 


— found that two meaſures or cubic inches of nitrous; and two 


A # — - eb * "A 3. * 1 4 


of hepatic air were little altered when firſt mixed, even | by. 


agitation ; but after thirty-ſix hours both were reduced to 
nearly one-third. « of the whole, but ſomething n more. Yellow. 
_ particlcs of ſulphur were depoſited both on the mercury,, and 
on the ſides, of the jar, but the mercury was not blackened. 


The reſiduary air had ſtill an hepatic ſmell, and was ſomewhar. 


further diminiſhed by water; and in the-unabſorbed part a 
candle burned naturally. 


The water had all. the Fre a of 
hepatic water. N 

Perceiving by this experiment that 1 had not- employed 
— of nitrous air to condenſe the hepatic perfectly, to. 
eight. eubic. inches. of hepatic air I added nine of nitrous air, 
all at once; a yellowiſh cloud inſtantly appeared, a flight white. 
ſcum was depoſited on the ſides. of the jar, and the whole 


ſeemed diminiſhed about two cubic inches, or between ones. 
ninth. and one-eighth, the temperature of the room being Y 


then 725 .. I then laid by the mixture, and in forty-eight. 
hours after, I found the whole reduced to ſix cubic inches, . and 
the top and ſides of the jar covered with a white cake of ſul- 
Phur,. the heat of the room being conſtantly kept between 
60 and 70. Finding the diminution to reach no further in 


* Note, the vitriolic acid air here employed was the pureſt poſlible ; it was 
extracted from ſulphur diſtilled with precipitate fer fe. 
twenty 


, I had the ſacl ef alkaline e at kf 
that ſmell iffued from the jar that contained it am the air 
itſelf was poured into another jar. 


& 5 A candle burned in it naturally. 


4 , It did not affect tinQure of kites or fime-water, or mee 
tous barytes. "ay | 
4, No ſpecies of air had any eſfect o on it except the Abl 
piſticated, with which it produced a flight redneſs and N 
nution. 8 


5 Ir produced a an white precipitate m aten of 
filver. 
It is plain, this air is Ls fine as that which Dr. Painer⸗ 
LEY calls depblogifticated nitrous air, and which, I think, may 

more properly be called deacidified nitrous air. A further exa- 
mination of it would lead me too far from the ann fubjedt: I 
| ſhall therefore defer i it until another opportunity. 


As it appeared to me, from the experiment mentioned in the 
ſecond ſection (in which I found ſulphur precipitated from a 
mixture of nitrous and hepatic air, immediately after the ad- 
miffion of common air) that an uncombined acid in the nitrous 

air was the cauſe of the precipitation of fulphur ; I attempted 
depriving nitrous air of any loofe acid it might contain, before ; 
I ſhould mix it with hepatic air. 


It, I made ſome nitrous air from filver very — over 


1 boiled and filtered water, and found it to contain an acid, for i it 
ſtrongly reddened tincture of litmus. 


_ adly, I admitted alkaline air to this nitrous air until it no 
longer cauſed any cloud, and then wafhed out the ammoniacal 
2 in diſtilled water; after which 1 transferred this 


3 | 


purified 


* 


= 
= 

l 

a 

| 
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ture of the room being all the time at 76.0, the whole was 
reduced to 5 cubic inches; the diminution went no further 


mer experiments, was depoſited, and both in this and in the 
former experiments that part of it which, by the rifing of the 


yellow and red thining colour, and not black as that depoſited 

on mercury uſually is. The reſiduary air flaſhed with fo much 

vehemenee as to extinguiſn the candle dipped into it, by the vio- 
lence of the b 

dut it did not detonate in the leaſt, but rather reſembled de- 

phlogiſtieated air. The jar out of which it had been transferred 

had a ſharp alkalme ſmell. | 
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diminiſhed by common 1 * 
rified nitrous air is. 

. Then to cubic —_ of this purified nitrous air I adinitted 
al at once 7 cubic, mmches of hepatic air. No cloud, diminu- 


tion, or depoſit, appeared ; but in fix hovrs after (the tempera- 


eighteen hours after. Sulphur, much whiter than in the for- 


mercury, was intercepted between it and the jar, was of a 


aſt. The flame was exceeding white and vivid; 


This air was not in the leaſt diminiſhed by nitrous air, even 


and filling this with water heated to that degree. 
Water poured into the jar in which the ſulphur was depo- 


_ fited, produced a bluiſh white cloud in of 10 
though inſipid to the taſte. 


Hence it appears to me, that, whatever this air may bi it 


had been deacidified by hepatic air ſtill more perfectly than 
that 


when heated to 150 degrees; which heat I contrived to produce x 
by paſſing the upper part of the jar that contained this air 
into another wider jar, furniſhed with a perforated cork both; | 


— — ene e Fog nf h ve | 
<1 Lally, Allaline and — — ey wind 
n proper proportions, would probably deſtroy; each-other com- 

* Bletcly,. though I have not been able to effect this intirely. 
= © meaſures of hepatic air from liver of ſulphur of alka - 
line air immediately throw up a white cloud, bare 2 whitiſh 
ſcum: on the fides of the jar, and are reduced. to about I; mea- 
ſure. On adding water this is reduced to about one-balf and 
in this found a candle to burn naturally: but the following 
he experiments, being made with more care, prove that this reſi- 

55 * air was only the common air of the veſſels. 12 15 

To 6 cubic inches of calcareous hepatic air I ni, all at 
once, K. of alkaline air; a white cloud and a little white ſcum 
at firſt appeared; but in a few ſeconds the whole was reduced 

to ſix · ſevenths of a cubic inch; and on adding 2 meaſures of 
water, only one - ninth of a cubic inch of air remained. This 
could not be inflamed. The water, thus impregnated, preci- 
pitated a ſolution of ſilver black. In this experiment great 
care was taken to have each of the mixed airs. as pure as poſſi- 
ble, and the alkaline was admitted all at once, inſtead of by 
different portions, merely with that view); and it is probable, 
that, if the due proportion were hit upon, nothing would 
remain. The ſcum appears to be almoſt liquid, and as ſoon 
as the j jar is emptied of mercury, it breaks out into a white 
ſmoke, with an exceeding ſharp urinous ſmell. 

Five meaſures of martial hepatic air were, upon the admiſſion 
of 54 of alkaline air, reduced to ſomething more than one mea- 
ſure, and upon the addition of water there remained but half a 
meaſure; - and thus was inflammable, with detonation ; the 


inflammable 


inflanimable air wean proceing 6 from the tun of 
thei iron. 


Five n decks of. PREVERY hepatic air, l — 5 * 
ie air, were diminiſhed more ſlowly ; for after five mis 
nutes there ſtill remained 4, 5 cubic inches. I then added ano- 
ther meaſure of alkaline air: ii three hours after there re- 
mained but 1,25 cubic inches. In paſſing this reſiduum through 
water it was reduced to about half a cubic inch ; - and this 
burned with a blue lambent flame; without leaving a vitriohe 
| ſmelt or any depoſit on the glaſs ; ſo that it ren was inflam- 
mayble air from the ſugar. 
LI once imagined 1 had obtained WWE air from a mix- 
ture of alkaline air with hepatic air drawn from liver of ſul- 
phur; but I aſterwards found this inflammable air proceeded 
from a very flight contamination of zinc in the mercury over 
-which my airs had been produced; the alkaline air acted on 
this zine, and muſt have produced the inflammable air; for 
when I afterwards received and mixed theſe airs over mercury, 
ee — 1 obtained ng: 'more inflammable air. 


SECTION IW. . 


| of 1h the Ain of Hepatic &. and Acid, Alkaline, and Iflam- ; 
malle Liquids, on each _ 


One meaſure of oil of vitriol, whoſe ſpecific gravity was 1 863 3. 
abſorbed two meaſures of hepatic air all to one-tenth. The acid 
was whitened by a copious depoſition of ſulphur. I alſo intro- 
duced, over mercury, a meaſure of red nitrous acid, whoſe ſpeci- 
fic pravity was 1,430, to an equal meaſure of hepatic air; red 
Vol. LXX VI. OO » vapours 


4 


138 . M ewa * Ezperi ment: 
vapours iuſtantly aroſe; and only“ one tenth . 
a meafure remained 1 in an x aral form; but as the acid .a@gd-dn 
the mercury, I was obliged to carry the jar into the water tub, 
by which means the whole was P : rf, 5g — 
precipitated. ROOT 95 de boner Hf T 

'T repeated this: experimen in ee manner. add wy 
duced 4,5 meaſures of hepatic air er mercury, I transferred 


into them one meaſure of the above concentrated: nitrous. acid; 
but though I managed as quickly as poſſible, the hepatic air 


was ſomething diminiſhed by contact with the water, before the 


acid had entered the tube that contained:the air. I then topped 
the tube with a groufd glaſs ſtoppet, and laid it by for twelve 


a 
3 5 4 


White and turbid; and but weakly acid, much water having 
entered i in ſpite of my endeavours to exclude it. The remain- 
ing air ſlightly detonated on preſenting to it a lighted candle, 
and had an hepatic fridll. But as this hepatic air was obtained 
from ſulphureo- martial paſte, it does not prove that iu flammable 
air enters into the compoſition of other hepatic airs, derived 
from the union of ſulphur with ſubſtances that do not yield 
inflammable air. 4.4 
Finding it ſo difficult to ſubject hayatie air to the direct 
action of the concentrated, nitrous acid, Tailutedii it to that pre- 
ciſe degree at which it could not act on mercury without the 
aſſiſtance of heat, and then paſſed through it an equal bulk of 
the ſaime hepatic air; the acid was whitened, and eight- -tenths 
of the air abſorbed, and the refiduum detonated. Repenting 
the lame experiment with hepatic air from liver of ſulphur, I 
f found ſtill more of it abloried by the acid ; but the reſiduum 


ö : | no 


them to the water tub, aud inſtantly by means of a ſyphon blew 


urs; after which ititerval 1 found the liquor in the tube 
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0 2 a but burned: with IR and era 
ws, and ſulphur was depoſited on the ſides of the jar. 

' Obſerving this dilute acid to abſorb nearly three times its 
bulk of alkaline hepatic air, Texpelled this air from it by heat, 
but obtained only onie-fixth' of the air that had been abſorbed ; 
and in this a candle burned naturally. ; FP 3 
Two meaſures of alkaline hepatic air, being expoſed w to one 
of ſtrong marine acid, were abſorbed, by ſlight agitation, all. to 
one-fifth of a meaſure. A third meaſure of air being then 
added, there remained, after ſome agitation, but half a mea- 
ſure. Sulphur was precipitated as uſual; but the mercury 
over which the acid ſtood attracted it from the acid; for it was 
| blackened, which did not happen when the former acids were 
| uſed. The refiduum burned juſt as pure hepatic air. 
Dale vinegar ablorbs nearly its own bulk of air, and be- 
comes ſlightly whitened ; but by agitation it may be made to 
take up about twice it bulk, and then becomes very turbid. 
One meaſure of cauſtic vegetable alkali, whoſe ſpecific gra- 
vity was 1,043, abſorbed nearly four meaſures of alkaline he- 
patic air. It was at firſt rendered brown by it; but after ſome 
time ĩt grew clear, ſulphur was depoſited, and the ſurface of the 
mercury blackened. This thews that alkalies are not dephlo- 
giſticated by ſilver or other metals, as Mr. BAuxuE imagined, 
but only cleared of part of the ſulphur, which they commonly 
contain, it being formed by the tartar vitriolate contained in 
the plant, and coal, during combuſtion. 

One meaſure of cauſtic volatile alkali, whoſe ſpecific gravity 
was 0,9387, abſorbed 18 of hepatic air. If the cauſtic liquor 
contained more atkali, it would abſorb more hepatic air, as 6 
meaſures of hepatic unite to 7 of alkaline air; and thus the 
ſtrength of alkaline liquors, and their real contents, may be 
+3 SK determined 
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precipitate this air from it, for when ſhaken with it a white 
cloud appears. e | 


more eaſily than by Count Lavxacais' method, the only 


: the ſolution of filver black and reddiſh brown. 
vitriolic acid precipitates the ſulphur from it, which neither the 


| the bulk of the air 3s at firſt increaſed ; but afterwards half of 


the ther is mixed with that of the hepatic air; but on adding 
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Mr. Kinwan's e 1 
— better than by any other method; Alſo the ſmoak- 
ing liquor of Borx, which is difficultly prepared in the uſual 
way, may eaſily be formed by placing the volatile alkali in 
the middle glaſs of Dr. Noo r n's apparatus for making arti- 
ficial mineral waters, and decompoſing artificial * or Boer 
of ſulphur, in the lower glaſs, by marine acid. 

Oi of olives abſorbs nearly its own bulk of this air, and ob- 
tains a greeniſh tinge from it. 
But new milk ſcarcely abſorbs one-tenth of i its bulk of this 
air, which is very . and is not in the leaſt e. 
lated. 
Oi of ee alſo 4. its own bulk. af this air, and 
even more; but then becomes turbid. Water ſeems alſo to 


/ 


Spirit of wine, whoſe ſpecific gravity was 0.8; 3 55 abſorbed ‚ 
W three times its bulk of this air, and became brown. By 
this means ſulphur may be combined with ſpirit of wine much 


hitherto known. Water precipitates the ſulphur in part. 

Sulphurated ſpirit of wine does not tinge litmus red; but it 
n lime-water, as highly rectified ſpirit of wine — 
does. It alſo precipitates and gives a brown colour to acetous 
baro-ſelenite, which ſpirit of wine alone alſo does. It turns 
Concentrated 


nitrous nor marie acids can effect. : 
When hepatic air is mixed with an equal bulk of vitrialic xther, 


it is abſorbed, and a ſlight precipitation appears. The ſmell of 


3 | water 


te 


ſilt of iron, it produces a white precipitate. 


carts mnatinb relemdlng that of burg 
animal ſubſtances. - 
To one ineaſure of hepatic air 1 added 1,5 of the prod 
ſolution of luer: the air was immediately, without agitation, _ 
reduced to half a meaſure, and the ſolution blackened. The. 
remaining air admitted a candle to burn naturally. Hepatic air 
was alſo abſorbed, but not ſo readily, nor in ſuch quantity, by 
the ſolution of vitriolt of i iron and filver ; that of filver was 
blackened ; that of iron at firſt became white, but by agita- 
tion darker. The refiduary air burned ons as r air 


2 does. 


$BCTION. 3 
. the Preis of Water ſaturated with M rene Air. 


” - 


This water turns tincture of litmus red. 
It does not affect lie- water.. : | 
It does not form a cloud in the nem of marine, though 

it does in that of acetous baro- ſelenite. 

The ſolutions of other earths 1 in the mineral acids are not 

altered by it. ns Fe) + 5 
When a into a e &f virial fd iron or marine 


In nitrous ſalt of copper it cauſes a brown precipitate, and 
the liquor is changed from blue to green. The precipitate re- 
diffolves by — In e of 1 it forms a black 
precipitate. dic d An 

The ſolution of iin in aqua regia is e ine by: it of a 
2 white colour; that of gala, black; that of regulus of 


antimony, 


CY * 

C A * 
9 

— 


Mr. abe ee 
ann "fel tber er uus, red eue wich 


aa laing 
hm ſolurion * fer lag: the'hitrdus acid, and 905 chat of 
22 "Whether ii” the acetous br nitrous acid, are precipitated 
vlabk..- 1 the {1 ions are nbt perfectly ſaturated with metal, 
preci tatet will be Water bende brown, and may de re- 
_ d by 5gitation” 88 Alba: of un ud pudiolds, ots 2 

The nittbus ſolution of e 1s pretipitaras of a Valo 
en; that of fublimate wren any mixed 1 with black ; 
but by apitation it becomes white. * 


this water, reddiſh brown, and even aſſumes a metallic ap- 


with red and white, orpiment and realgar being formed. 


into hepatiſed water, it renders it ſlightly turbid + but, if the 


much denſer cloud is formed iri the water. 10 5 1 
Strong nitrous acid, whether phltgiſticated « or not, cauſes a 


immediztely precipitated ſulphur from i 

Strong marine ac produced a flight cloud 7 but neither 

giltilled vinegar nor acid of ſugar had any effect. 
It is faid by Mr. Brac Ax, that bepatiſed water 20,91 well 


experiment, on repeated trials, did not ſucceed with me: nor 


Indeed mites to many of them, but forms an inſoluble maſs; 
TITS OS ſo 


The nitrous ſolution of bi 1ſmuth en by mixture l 


pearance; that of cobalt becomes dark; that of zinc, of a 
dirty white; that of arfmic, in the ſame acid, yellow mixed 


If oil of vitriol, whoſe ſpecific gravity is I „863, be dropped 
volatile vitriolic acid be dropped into it, 4 ebe, and 


copious white precipitation; but dilate nitrous acid produces no | 
change. Green nitrous acid, whoſe Row gravity, was Ty, 26, 


doſed veſſel effects a folution of iron in a few days; but this 


could I diſſolve any other metal 3 in this water; the ſulphur 


4 
he 


| de _— e Ara: * 348 ; 
ſo Adar, 1 eee — eee. in 
. mineral Waters. 71 | 
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I have already aa the proportion of air they are able 
to take up. Colqutleſs fixed alkaline liquors receive 8 browniſh 
tinge from this air. The veſiduum 2 n of che ure 
nature as the part they ab abſaorb. At 1e 2498 1 01 2 2 


10 


A auſtic fixed alkaline kquor/fatoratidiaich yer air, precipr 
ndurtes — the acetous acid, of a yallewiſh white colour. 
It aſo decompoſes other earthy ſohutious, and the colour of: the 
precipitates varies. according to their purky, and perhaps this 
teſt might be ſo far ee as to e mow of the 
Prufſiuss an. Ry 2112 db 
5 — his Adee ib; b ** tan, aid at ma- 
nne ſalt of iron, black; but this latter generally whitens od 
2 That which 1 uſed: was very fatnrate. 0 non bis: 
The ſolutions of flver; and lead are alſo precipitated black 
with ſome - mixture of white ;; that of n W — 
but that of latina becomes een. {13 Y 
Solutions arr ah in fall q reddiſh ; lack at brows res 
pirate. 31 71 Ic 204 200 
Sublimaze e 8 this ” Swotarei: 2 | prcipinute wb 
white and black, and partly orange and;greevuſh. . (fo 

In the nitrous ſolution of anſenic it at foros: al v dle, and 
orange; and in that of: regrousnf - anner, in aqua regia, an 
orange precipitate mixed with black. 
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u ef sine thus treated, ee Grty white; 
| ind of biſmuth a brown mixed with white 3 and that of mw 
a 2 brown and black precipitate. © 
As Pruſſian alkali always contains et iron, it gives A pur- 


ts 1 with this: , * which e is _ diſ- 


MO 
it turns rinQtee of  caddihes, which is 1 ref for alkali 
— 


Arve lair" 1 of cadet n endes in the 
dry way-is deſeribed by many authors, and particularly in an 
excellent Diſſertation by M. ExoxsTRO : but its action in 
the moiſt way has not been mentioned, as far as 1 recollect, by 
any. Hence J tried its effect on à few grains of iron, cop- 
per, lead, tin, zinc; biſmuth, regulus of antimony, and 
df arſenic. Putting each into a bottle, containing about three 
Half ounces of: liquid liver of ſulphur, ſo far diluted that its 
colour was! yellow ; in about {fifteen days I found they all, 
except the zinc and tin, had attracted ſulphur from the fixed 
alkali}/- Iron, .arſenic, and regulus of antimony and lead, were 
moſt altered; copper next, and biſmuth leaſt: but the liquors 
| held none of the metals in ſolution; that which contained i 1ron 
b became green - on adding an acid ſulphur was precipitated ; if 
lt it held iron it could not at that period be detected. 
Water faturated with the condenſed reſiduum of alkaline * | 
hepatic air, that is, with the pureſt volatile liver of ſulphur, | 
does not precipitate marine ſelenite, though it forms a ſlight 
brown-and. white cloud in that of marine baro-ſelenite, 
It produces a black precipitate in the ſolution of vitriol of 
iron, aud a black and white in that of marine ſalt of iron; but 
by agitation this. laſt becomes wholly white. . 
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| and regwlus of amine a yellowiſh red. 


s black; iquitly white, [and partly; rediifh brohm, anid-of 


: but thoſe of inc only a duty white. 


S which I purpoſely diſengaged from all theory, it is difficult to 
_ conclude, that hepatic air confiſts of any thing elfe than ſul- 


when drawn from materials that previouſ] y contained nothing 


TO ny diva} K dun 


 Ie-procipizates bath vitriol of copper, and. the witrous Li wr 
. red and brown. 


Nn in aqua regia gives nl pravigitate; gall a Jiu 
ellow and reddiſh browen; latina a fleſh- 3 


Silver is precipitated black; and ſo is lead both from the 
nitrous and acetous acids. 


Sublimate corrgſiue apprared for an an ted} but ſoon after 


its precipitate appeared partly black and partly white. 


The vitrous ſolution of bijamih affords alſo a precipitate, 


a metallic 1 that of _ is * 2 or 
— £5 
_ Arſenical ſolutions give yellow precipitates more ur tek ws 


All theſe colours vary in ſome degree, e us the 
em are more or leſs ſaturated previous to and after © their 
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11 1 > the W of Hepatic Air. 


l an attentive conſideration of the above ex periments, 


phur itſelf, kept in an atrial ſtate by the matter of heat. 
Every attempt to extract inflammable air from hepatic air, 


inſlammable, namely, from alkaline or calcareous hepars, 
Vor. LAXVI. U proved 
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ws 
proved - — — abs the een 
previouſly ſupply inflammable air, as when martial carbonaceous 
Aud ſaccharine compounds dvere employed, inflammable air, in 
ever ſo ſmall a proportion, was detected: nor could hepatic ait 
be procured from the 2 union of . alr * tub 
. "awd wat as. of bus. docks | 19 
Some have . that this air conſiſts of: liver of ful 
pbur itſelf volatilized, and conſequentiy that an alkali enters 
into its compoſition; but many weighty reaſons oppoſe this 
ſuppoſition. In the firſt place this air is evidently, though 
weakly: acid, fince it reddens litmus, and precipitates ' acetous 
| baro-ſelenite!.. a2dly, It may be extracted from materials that 
either contain no alkah at all, or next to none, as iron, agar, 
gil; charcoal: and, laſtly, it is not decompoſed by marme or fixed 
air, by which, nevertheleſs, liver of ſulphur is decompoſable. 
„n formerly thought that ſulphur was held in ſolution in he- 
2 air, either by vitriolic or marine air; yet though both of 
them may hold ſulphur in ſolution, as we have ſeen, ſtill neither 
of them is eſſential to the conſtitution of hepatic air as ſuch, 
ſince it is producible from materials that contain neither of 
theſe acids; and, from whatever ſubject it is obtained, it exhibits 
the characters of one and the ſame acid, namely, the vitriolic 
exceedingly weakened; and ſuch an * we _ ſ * * 
itſelf to be. 4 OS: 
In effect, ſulphur, even in its concrete 8 affords many 
characters of acidity. It unites with alkalies, calcareous, and 
ponderous earths, and moſt metals, as a weak acid. might : 
and except a manifeſt ſolubility in water (a property which 
ſome other concrete; acids alſo poſſeſs in a very weak degree) it 
exhibits every character of acidity. But its acidity 1s the weakeſt 
poſſible, ſince 1 it decompoſes only acetous, and not marine baro- 
ſelenite, 
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clients ue. * alkalies and earths by all other 
acids 2 or D959 
That the matter of kava enters into de competition of this 
air, is evident from the experiments of M. SCHEELE, who paid 
particular attention to that object. He found, that acids excite 
— leſs ſenſible heat in uniting with liver of ſulphur, whe- 
ther alkaline or calcareous, than while uniting: with a propor-- 
tion of cauſtic fixed alkali or lime equal to that which enters. 
into the compoſition of thoſe livers ; whence he juſtly infers, 
that the difference enters into the compoſition of the hepatic air 
produced. Lhave proved the ſame thing another way: for, 
inſtead of decompoſing an: a/kaline hepar by marine acid, I 

tried to decompoſe it by a ſaturate ſolution both of marine 
ſelenite and marine Epſom. The decompoſition indeed took 
place, but no hepatic air was produced: for the acid having 
given out its:ſpecific heat on uniting. to the earths, had none 
to loſe or communicate on uniting to the alkali, and aw 
quently the ſul e 1 none a not he-4 
an trial ſtate, 21 0 ble 5 5 

It is W that bodies capable . an tial FIN re- 
ceive the latent heat neceſſary for that form, much more rea- 
dily from a body that parts with its ſpecific heat than by the 
mere application of ſenſible heat. Thus atrated. barytes can- 
not be decompoſed by mere heat, as Dr. WITHERING has, 
thewn, though its air is eaſily ſeparated from it by an acid; 
and in the ſame, manner antimony cannot be deſulphurated 
even by vitrefaction, though it may by acids: ſo liver of ful - 
phur will not give hepatic air by mere heat, though it will 
by the intervention of an acid, even the weakeſt. The reaſon | 
of which ſeems to be this: the matter of heat has no parti- 
cular oy with any ſubſtance, as is evident from i its paſting 
U 2 indifterently 


"p 
* 


ö Andikerentt Gba ane —— toca: — 
or kind the bodies may be; but it is determined to unite With 
this or that body in a latent ſtare} inn greater os deffer guuntſty, 
in proportion to the greater or leffar capaciꝶ of thuſo bodies to. 
receive it. Nowy. acids, by uniting to the! allkuline: baſis of 
liver of. ſulphur, expel the ſulphur, and: gie it their: heat, at 
the mant the ſulphur, by its ſeparation; has the capacity: te 
receive it; whereas ſenſible external heat, acting alike on berth 
the conſtituent parts of liver of ſulphur, ſeparates neither; or 
if ir ſeparates them yet, bycits:ſucceſive action, it throws oe 
of cthem into a baporous ſtate fiuſty and bodies that! firf-acyuire) 


The vitriolie and nitrous acids ao bl# adapted to tis pro- 
duction of he 
tai moro ſpecific heat than tlis mere acid part of the marine 
acid: the meſt probable reaſon of which is, decguſs they have 
a ſtronger attraction tofulpher:ieſelf, and fo detait it. 
Hepatic air is much diſpoſed to give out its latent heat: ba- 


affimity; thus it is condenſed in water in a few days i it is alſe 
condenſed by long expoſure to freſſi ſurfuces of mereury'or Alver 


found it in great meaſure condenſed intb ſulphur, when in- 


exceſs of ſulphur ; for hot hepatie air is capable of Keeping a 
farther quantity of ſulphur i in ſolution, and depoſing it When 
cold, as I have. frequently obſetved. add ig od li: 


* Ye A note in dhe ſecond volume. of M. Monnaauh rntionof the.fcond 
volume of BERGMAS! J Works, P- 34. | 9 
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this ſtate can never after "I — ay r 6 | 
queny-aeceflian' of hear. Rütti 3g atonmontty o ben: 


patic ar than the maritie acid though'they c 


tieularly when im contact with ſubſtantes to which it has 5 any 


or other metals; particularly if they are moiſt MBit 


cloſed alone in a bottle v I tliis caſe it probabhj contained al. i 


"of — * A | — 
a e roetalkic Aude by Uns a owing 
— a4 phI6giſticaticn of th&atids" by this alt. 

and partly to its union with the metals themſelves, for it evi- 
dently unites in moſt caſes to both. 
As alkalies and ſulphurlarè xnon to Eve an affinity to wel | 
other, we eaſily underſtand: why hepatic and alkaline airs are 
_ condenſed when mixed with" each" other ;- nor is there any dit-- . 
ficulty in conceiving why hepatic a air is not condenſed hy com- 
mon, dephlogiſticated, inflamindble; or  phl8gi iſticated ll o of re- 
markably by matine air; but it ſeetns very” a dna ; ty,-that” 
bepätie air arid Witeiolle air ſhbuld be condenſed; atid in 1 gleat N 
ae converted into ſal pur by rheit mut al action 2707 each L 
othier, particolarly” as they both feet nkatly. of the ſake ſpe- 
5 cles, or at leaſt "nearly Allied to each ide hy attrabtign" of: 
— "bodits,' this del, is! certainly ver ry ' extracedi-- 
wary ; 5. yet tllat their union proceeds from action ſeems p pretty e 
Z evident, fot” " concentrated vf olic. acid, and particularly vola-- 
ipitates f lp fie bridal ow he 8 
hür in- 
ſoluti 6 oe Agen front the: ex nente of De: Pail TEK 
und M. BER TRHOLEET 5. ahd eice naehe ſome when it loſes: 
its aial form, or by mere letigth of time; but the whole 'off 
this condenſed air is hot wn: into dub 15 for the water that: 
waſhed'the precipitated ſulphor took'u up A quantity of \ \ roi 
acid and fixed air, as has been ſhevori.. 
The condenfation of hepatic: air by 1 piktbus ar ſeetis owing . 
to the ſame cauſe; for when the nitrous”; air was in great degree 
deprived of ſuperfluous acid, the ' conden Bition of the hepatic 
was much flower ;. and that which after all took place ſeems: 
to have been effected by the decompof tion Ld che nitrous ar, 


and tlie — extrication of: an acid. 
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rong reſemblance to ſulphur, 1 was naturally led to examine. 1 


in che ſame | circumſtances, kd; 
+ therefore gently heated. about 10 or 12 grains of phoſph 


= a ve 
the op over. mercury. Upon the fir f applicatign of heat two. 
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As 8 in x reſpect to its wt parts, beary, a 


its phenomena, when, placed; in 


4 41 
rn 


| 11911 2 
with about half an. Ounce of cauſtic fixed alkaline ſolution, n, | 


ry. ſmall phial,.. furniſhed with a bent tube, and received. 


mixed wi 


-- 144 


ſmall exploſions took place, attende with a yellow. flame. and 


White ſmoke, which penetrated through the. mercury. into the 
receixer; F theſe were followed. by an equable prod uction of air. 


At aſt the phoſphorys. began to ſwell and froth, and fearing 1 the 
i nne ge a „ 44 5 
rupture e of the. p. al, f 1 ſtopped 1 the tube to prevent the acceſs 
of gag . and removed = 95 Ped to, a 1 J tub, | 
intending | 


Z 


This air was | diminiſhed very. 0 6 7 hatin 8 an 
equal bulk of water,; and then became cloudy like white ſmoke, 


4 » | „ee, 


the mouth of the tube to examine the water, the unabſorbed, 
air. instantly took fire, and burned with a yellow flame without 
exploding leaving a reddiſh c depoſit on the hides of the tube. 


„ Water 


wo * 


but ſoon after recovered. its . tranſparency. Upon turning up 


Fl 


15 * da — - EY . uf E 
witer impregnated with phoſphoric ben overwhich this "lf 
| arid burned, lightly reddened tincture of litmus: tnc 
Did not affect Pruſſian alkalii2z: 8 
Had no effect on the nitrous nden of = or e vin 
or cobalt, nor on marine ſolution of iron or tin, or of tin in 
aqua regia, nor on the vitriolic ſolutions of 1 iron, copper, tin, 
lead, zinc, regulus .of antimony, arſenic, or manganeſe ; 3 nor on 
the marine ſolutions of iron, _—_ * n cobalt, * 
or manganeſe. 

But ĩt ptetipitated the nitrous Stetten of . black, ond i 
vitgiol of ſilver brown; alſo nitrous ſolution of mercury made 
without heat brown and black; but vitriol of mercury firſt 
| — reddiſh, and afterwards white; and 3 corroſive 
8 and red mixed with white. 
Goll diſſolved in aqua regia is eine purpliſh black, 
2nd from the vitriolic acid browyniſh red and black; but regulus 
of antimony in _ ind 78 "precipitates white n this * 
D Water. 

The nitrous ſolution of b jfmuth ſhewed firſt a white,” we) 
preſently after a brown precipitate. Vitriol of [biſmuth and 
marine falt of biſmuth were e alſo ee bun; this latter 
| — by agitation. 187 r n ini 
Ihe nitrous ſolution of 2 allo became brown, but re- 
diffobred by agitation. wn: E 1 e a1 
I afterwards impregnated b water with this air, winden 
aus the air to burn over it: i ſcarcely affected Enns 


in \ ſolution of 4 Juer, a as” * ipitate of 5 1 of antimony | 
in R, and a whitiſh yellow f in that of ſublimate corroſive. 
To a meaſure of this air I let up a meaſure of water, and 


through this ſome ſmall bubbles of commen air; every bubble 
flamed: 


1 — 


ric; and yet the original bulk did not appear increaſed ; the 
flame each time produced a ſmall commotion, and a ſmake de- 


to be produced, ſmoke ſtill followed the introduction of more 


common air. Bubbles af phoſphoric. air, aſagpüng through 


mercury inta the 5 
the electric ſpark . 


nitrous air: 'a white ſmoke appeared; with an exceeding flight 
diminution, and the kraaſparuey ws Joon reftared, a ſlight 
deumibeing depoſited on the ſides of the jar. Anather half 
_ meaſure of nitrous —— no ae ot diming o bue 


eſcaped in the farm of a red vapour, and this was followed by 
a whitiſh ſmoke. The water had a phoſphoric ſmell, and pre- 


cipitated the ſolution of ſilver brown. In this experiment the 


does in hepatic ar. 18470 


J 


an equal meafure of allaline air; and water being put up to 
theſe, took vp in appearance little elſe than alkaline air, yet 


without . 


"= A few months after 1 male det e experiments! on u phoſphori air, the tenth 


volume of the Memoives des Savans Errangers was publiſhed; and in this 1 
found, that the ſpontaneous inflammation of this. air was "Y #9 to M. Giw- 


2 for October, 1705. 
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The 
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common air was introduced as thare as originally of phoſpho- 


ſcended after, inflammation into the water: When flame ceaſed 


To a meaſure 5b phoſpharic air I N balf e 12 I 


was -abſorbed. "Upon toming up -the 3 jar the nitrous: air r be 


acid of the nitrous: — * mn | 


Phoſphoric air was OR atall $miniſhied by the Anden of | 


on turning up. the mouth of the) Jar, 1 e air _ 
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The water, * nen had exactly the finell of onions. : 


It turned tincture of radiſhes green. 


It precipitated ſolution of Alper black; and that of a adder in 
the nitrous acid brown; but this precipitate was re · diſſolved by 
agitation, and the liquor became green. Sublimate corre 
was precipitated yellow mixed with black. ö 
Iron was precipitated white, both from the vitriokc and 
marine acids; but a pale yellow ſolution of it in the nitrous 
acid was not affected; and a red ſolution of it in the ſame acid 
was only congrumated. 5 10 


= Regulus of antimony in aqua regia gave a white, cobalt in 
nitrous acid a very flight reddiſh, and b:/muth in the ſame acid 
a brown precipitate. 
But neither the nitrous ſolution of lead or zinc, nor that of 
tin © in marine acid or aqua regia, nor 3 of 2 of anti- 
mony in aqua regia, were any way affected. | 
Fixed air, mixed with an equal proportion of phoſphoric air, 
produced a white ſmoke, ſome diminution, and a yellow de- 
3 | poſit. On agitating the mixture in water, the fixed air was 
taken up all to one-tenth. The refiduum ſmoked, but did 
not inflame ſpontaneouſly.- ” 
= To a ſmall portion of hath air 1 introduced ſome 
Frecipitate per ſe. It ſoon grew black, and a white ff moke 
appeared. In two days the precipitate remained ſolid, yet 
acquired a ſhining pale white colour, like that of ſteel : the 
ar loſt its ſpontaneous inflammability ; but I am not certain 
that this want of inflammability did not proceed from ſome 
other cauſe ; for two days after I made this air, I found a quan- 
tity of it, which had reſted all night on water, had depoſited a 
yellow ſcum on the ſides of the jar, and loſt its ſpontaneous 
inflammability next morning. The temperature of the air was 
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Fr rom theſs few experiments, "which the ſmall Husten of 
air I then obtained did not ſuffer me to repeat, I think we may 
conclude, that phoſphoric air is nothing elſe but phoſphorus 

itſelf in an atrial ſtate, and differs from ſulphur in this, among 

other points, that it requires much leſs latent heat to throw it 
into an aërial form, and hence may be ee from fixed 
*alkalies, without the affiftance of an acid. 
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3 alkali be added, the latter will not decompoſe the former, 
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VI. $A an the Aſonities of 8 in e of Nine. 
In à Letter to Richard — _ F. R. S. * John 
Elios M. D. : | | 
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Read January 19, 1786. 


N your excellent papers on the attractive powers of the 
1 mineral acids, you ſhew that metallic calces have ſtronger 
attractions to thoſe acids, than alkalies and earths. The fol- 
lowing experiments not only confirm this doctrine, but alſo a 
poſition that I have lately ventured to adyance 8 that cer- 
< tain decompoſitions will take place in spirit of wine, w which 
will not at all in water, nor in the ary way : 

I have ſhewn, that if expreſſed oil be mixed with ſlaked 
lime into a paſte, ſo as to form calcareous ſoap, and mild 


either in water or by fuſion. But that if ſpirit of wine be 
ſubſtituted for water, an alkaline ſoap and mild calcareous 
earth will be formed. As ſea ſalt contains the foſſil alkali, and 
as by your table of affinities acids have ſtronger attraction to 
metallic calces than to alkalies, I concluded, that if ſea ſalt 
were added to a metallic ſoap, a ſimilar double decompoſition 
would take place. : 


In an Appendix to the ſecond edition of the © Elements of the Branches of 


— Natural Philoſophy connected with Medicine.“ 
8 8 To 


ETY R 6 in. — VIS 1 6 4 £ * * * 
e ee e 
4 ' \ - — , * * 


b 1 17 8 4 * 
k yu DAN”. A by oY _ Aide i Vn x R * 2 * 1 
vv CITY q A me p AST ab 12 0 A * N ths. Ky 
N P a e 1 d g be SY * l y 7 bY 
** 7 N F * 9 * * of Ie © ES IL . 8 * F | of + , p ** * 
A. 4 £ 4 Je — # F 4 * 7 > } . : b J 
\ y f db. Sts 1 . \ af 4 ” * - = \ * " 
* * ens 3 | 4 „ * 
"= 5 4 \ Y 8 AF _ 


ur Y 3 1 
35 1 D ; Sraro# nn on oe Afmities © 
To try this Þ took ſome diachylum, which had been . 
at Apothecaries- Hall, and added to it ſea ſalt; then covered 
them to a ſufficient height with ſpirit of wine, and ſet the 
bottle over the fire. Soon after they had boiled, the decom- 
_ poſition: of the diachylum began to be apparent. When the 
boiling had continued ſome time, I removed the veſſel from 
the fire, and after it had ſtood a few minutes, decanted the 
clear liquor while hot; then evaporating it, obtained a true 
alkaline ſoap. The refiduum of courſe contained a quantity of 
calx of lead, combined with marine acid. 
But much of the diachylum remained either wholly or 
partly undecompoſed : I therefore added more ſea ſalt and 
ſpirit of wine, and obtained a further yield of ſoap. But 
though much ſea ſalt remained behind, diachylum was till 
found in the reſiduum. I found, indeed, that if the ingre- 
dients were previouſly freed from their water, the proceſs ſue- 
ceeded to ſomewhat better advantage. 
From five ounces of diachylum 1 did not get quite three 
ounces of ſoap. This ſoap was likewiſe ſoft, and contained a 
portion of oil not combined with a ſufficient quantity of alkali. 
The oil, I ſuppoſe, had exiſted in a fimilar ſtate in the diachy- 
lum: and I remarked, that as the ſpirit evaporated, it gave 
out the true ſoap firſt, the unſaturated oil not till afterwards; 
fo that the latter 2 eaſily be obtained ſeparate from the 
1 former. 
If too much ſalt was employed, much of it was taken up 
by the liquid, and communicated to the ſoap, at leaſt if the 
ingredients had not been previouſly deprived of their water. 
To ſeparate this falt I diflolved the ſoap in hot water. When 
the liquor was cold, the ſoap floated at top, the ſalt remaining 
in the water underneath. If too little ſalt was uſed, this 
inconvenience 
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WE. did. not happen, or not in ſo pg a degree, 
though then leſs: ſoap was of courſe obtained. 

As diachylum, though with a greater proportion of 8 
and boiled longer than that I had from the Hall, ſtill con- 
tained oil not ſufficiently ſaturated, I made the metallic ſoap: 
in another way. To a ſolution of ſugar of lead in water J 
added a ſolution of alkaline ſoap in the fame liquid. A double 
decompoſition: took place, the oil uniting with the calx of lead, 
the alkali with the acid of ſalt. Uſing this metallic ſoap i in- 
ſtead of the other, I obtained an alkaline ſoap harder and 
more perfect than in the preceding proceſs; but ſtill found that 
part of the oil remained with the calx of lead in the reſiduum, 
and adhered ſo firmly, that repeated quantities of ſea ſalt and 
ſpirit of wine did not.wholly ſeparate it. 

As L have given this proceſs more with a philoſophical view 
than any other, I have been thus particular in my account of 
it, to ſhew that however eligible it may appear at firſt view, it 
will not anſwer for making ſoap for common ſale. The alkali: 
indeed is procured- -much cheaper than from barilla, as the lead 
may be revived and re- calcined into litharge. But the whole 
of the oil or fat cannot eaſily be converted into ſoap, though 
in order the better to effect it, I have mixed ſand with the 
diachylum : and as the oil and litharge muſt, 1 in the large 
way, be united by boiling, a conſiderable part of the former 
will not be ſufficiently ſaturated. Fuel muſt be uſed, not only 
for forming the metallic ſoap, but likewiſe for decompoſing 
that ſoap, and then diſtilling off the ſpirit, . which will: alſo - 
require additional time and labour. The quantity of ſpirit- 
of wine loſt, though the proceſs (fo far as that liquid is con- 
cerned) be performed in a ſtill, will alone nearly counter- 


balance the ſaving in reſpect to alkali. And in the proceſs itſelf 
there 
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from the careleflieſs of the workmen bilt likewiſe from the 


would have acted on the metallic ſoap more ſpeedily than the 


other neutral and earthy falts will have a ſimilar effect, eſpe- 
cially if deprived of any ſuperfluous acid by the addition of a 
little alkali or earth ; though I have not made the trials 


But theſe experiments ſhew, that in the mo N way the affinities 
| take place differently, according as water, or ſpirit of wine, is 
uſed. Perhaps a like difference would be found on ufing other 


| themſelves have to the liquid employed, as T have endeavoured 


| Conſidered as one of the ingredients. 
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there i: 7 s conſiderable danger, "Rot only” of the ſpirit taking fire 


frequent exploſions. that Happet during the decompoſition of the 
metallic ſoap. | 
As i in the experiment wich balcareous eartli and mild alkali, 
ſo in this, I found that the decompoſition would not take place | 
when water was uſed, nor by fufion. In the latter caſe, 
found that the ſalt was fo ſtrongly attracted, that it quitted 
its water of eryſtallifation to unite to the cgetelne ſoap. if 
ſpirit of wine was added to this . a double decompoſition 
took place, as already deſcribed, 1 
Inſtead of ſea ſalt, I added to dachylum GLavseR' s falt, freed 
from its water of cryſtallifation” by heat. I expected that it 


ſea ſalt; but the contrary appeared on trial. On adding a 
wall quantity of fal ſodæ, the decompoſition went on better, 

and ſufficiently to ſhew that the ingredients were capable of 
ating on each other. And I ſuppoſe, from your table, that 


Profeſſor BRRGMAN has divided his table into two parts; 
the affinities as they take place in the moif, and in the dry way. 


liquids, each of which would probably afford a different table: 
for much depends on the attraction which the ingredients 


to ſhew in the work before referred to; for the liquid 3 15 to be 


I beg 


2 


of 2 AW o . 
I beg leave to add, Sir, that I think I have fince hit upon a 
better method of making ſoap, and without ſpirit of wine; 
but as I have not yet made all the experiments on this ſubject 
that I intended, I cannot at preſent give you an account of 
them. If they ſucceed, 1 will take the liberty to nt gon 
with the . 


5 


* 


I am, Sir, with the greateſt RY &. 
J. ELLIOT. 


| Great Marlborough-Street, 
October 37, 1785. 


P. 8. Gas writing the above 1 have fn. that if mild 
fixed alkah be added to diachylum in hot water, they unite 
into a gelatinous maſs, which is miſcible with the water. 
W This may be conſidered as a kind of hepar. If this ſubſtance 
be put into hot ſpirit of wine, the decompoſition already de- 
ſeribed takes place. If chalk be ſubſtituted for alkali, there is 
a ſimilar reſult. J have found that nitre is decompoſed by 
diachylum in ſpirit of wine. I have alſo found, that if the 
compound of diachylum and common falt be put into hot ſpirit 
of turpentine, the diachylum 18 diflolved, but the ſalt remains. 
at the n of the veliel. 775 
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vi. >} Account of * minute Birch Shells, W not duh 

_ obſerved, or totally unnoticed by Authors. .' In a Letter to 
Sir Joſeph Banks, 2 Bart. P. R. S. by the Rev. John Lightfoot, 
— 4 F. R. S. 


Read January 26, 1786. 


2 DEAR SIR, 


8 you were OY to think a few ſhells, which I lately 
. ſubmitted to Jour. E chr d. not t be cl 


an opinion, 1 mall now v beg oe to lay before you ſome n | 
ings which I have cauſed to be made of them, together with 

ſuch remarks concerning them as may tend, in ſome degree, to | 
5 illuſtrate their natural hiſtory. | 


The firſt 1 ſhall mention is an b + ed up 0 © 
ſpiral form, the cavity of which is divided into three, four, or 
more diſtinct chambers or apartments by ſolid tranſverſe ſepta, 
which communicate with each other by a triradiated aperture. 
Theſe characters accord with no genus of ſhells, hitherto 
eſtabliſhed, ſo well as the Nautilus. It i is true, it has not ſo I 
many chambers as others of that genus, nor are the apertures en 
of the ſepta of a tubular form; but as theſe, according to the i 
laws of method, are to be conſidered as marks of a ſpecific 
rather than generic nature, ſo I ſhall not heſitate to refer the 
ſhell under conſideration to the family of Nautilus, at leaſt till 
| We 
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Mr; Lion rer Ab, Er. rr 
we are authoriſed, by the diſcovery of many more or 2 ahn 
ſtructure, to rank it under a new genus. 

That I may give a more full and ſpecific qefetiptan of tis 
ſingular ſhell, it muſt be obſerved, that its figure is a flattedl 

| ſpiral, urhbilicated on one fide, cotivex on the other, but yet 
lightly depreſſed in the centre, meaſuring in diameter About & 
quarter of an inch; that it is generdlly coiled up into four vele- | 
tons, which are convex above, and ſo nearly plane beticath 28 
to form an acute or carinated margin ; and that each of theſe 
Volations, on the upper fide, has a narrow thread-like border 
or fillet on the interior edge. The front view of the mouth is 
obliquely ſetnioval, the oo 11 brefecrng farther than the 
lower. 
| The ſubſtance of che ſhell is very brittle and pellucid, and, 
when alive, of a reddiſh brown ot cheſnut colour throv ghott, 
except about three or four faint white lines, which : appear like 
rays running from the central umbilicus to different and nearly : 
equidiſtant parts of the circuraference. Theſe white lines are 
not ſtraight, but ſhaped each like a ſhort curve, or comma, on 
the upper fide, and are nothing elſe but the ſhades of the ſepta 
in the cavity of the ſhell. 
Such is its external appearance. The internal ſtructure is 
extremely curious; for the whole cavity is divided into three, 
four, or five chambers or compartments (according to the age 
of the ſhell) at nearly equal diftances, by tranfverle ſepta of a 
© hard white brittle ſemipellucid ſubſtance, reſembling agate or 
4 enamelled glaſs. Each of theſe ſepta has a triradiated aper- 
ture not unlike the Greek capital upfilon, or the Roman V, 
inverted, () through which the animal, by means of its ſoft 
compreſſible and extenſible nature, eaſily contrives to extrude 
YoL., LXXVE. - mW itſelf, 
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elf, * as 18: neceſſary, when in ſearch of « bell or in 
the act of moving from one place to another. 

It may not be amiſs here to obſerve, that the ſepta above 
mentioned are totally- foreign, both in 2ſ and frufare, from 
what are called. opgrcula in other ſhells: I mean thoſe ternpo- 
rary covers or ſtoppers, made uſe of by many teſtaceous ani- 

mals to cloſe up the mouths of their ſhells, and defend them 
from injury in their quieſcent ſtate. 3 

The opercula, however various in ſubſtance, a are always ob- | 

Gadd to be Angle, imper forate, moveable at the will of the 
animal, and conſtantly placed, as a ſecurity, in the mouth, 
never in any other part of the cavity of the ſhell ; whereas the 
JSepra, in the ſubje& now before us, are repeatedly conſtructed 
in ſeveral parts of the cavity, are all of them perforated, inti- 
mately connected with the ſubſtance of the ſhell, and conſe- 
quently fixed : and permanent, as in all the Nautili. 
And as to the aſe of theſe ſepta, though I dare not ſay what 
N might be the real intention of nature in their formation, yet 
it will be no preſumption to affirm, that they could not be 
deſigned for the ſame purpoſe as opercula in other ſhells; not 
only becauſe they are placed where they cannot anſwer the 
ſame end, but more eſpecially on account of their open ſtruc- A 
ture, which intirely excludes them from the poſſibility of 
affording a proper defence to the encloſed animal. 

Should it be ſaid, that they only ſerve to point out the dif- 
ferent periods or ſtages of the ſhell's growth, and are nothing 
elſe. but the /imits or terminations of the animal s periodical 
increaſe, Iwill not diſpute the opinion ; 1t may perhaps be very 
true ; but ſuppoſing i it to be ſo, is it not equally probable, that 
the tranſverſe pt in all the Nautili are nothing elſe ? 


But 


the 


inti- 


notice of the inbabitant of this fingular ſhell. It appears to 
be of the ſlug kind, but differs from the common land ſorts in 
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bos! muſt not conclude my remarks without taking ſome 


0 


this reſpect, that the Autennæ are filiform, and the eyes not 


placed u pon their fummits and retractile, but fixed upon the head 
near their baſes; as is probably the caſe in all the truly aquatic 
kinds, at leaſt in all ſuch as I have hitherto examined. The 
animal is of a ſoft and flexible nature, and grey brown co- 


lour, and has a power of extending itſelf out of the ſhell 


through the aperture of the exterior ſeptum ; at which time it 


aſſumes a triradriated ſhape, not very diſſimilar from the aper- 


W ture itſelf, or like an inverted Y (x), the thickeſt ray of which 
is the head and body; one of the lines which form the angle 

is the tail, and the other is a kind of dorſal ligament, which 
extends from the back of the animal, through one of the rays 
of the aperture, and through | the whole cavity of the ſhell, 
and all its ſepta, to the centre, as may be ſeen by 5 the 


ſhell between the eye and the light (ſee fig. 3. Tab. I.). 
In the conciſe LINNAAN mode of „ this thell 


may be named, 


Nautilus (lacuſtris) * in compreſſ e cari- 
nata, anfractibus tribus ſupra convexis contiguis, aper- 
tura ſemiovata, ſeptis triradiato-perforatis, | 


The Freſh-water Nautilus. 
I find no author who has taken any notice of this ſhell, ex- 


cept Mr. WALKER, who, in his late curious publication on 


Minute Shells, has deſcribed it under the name of 
Helix /neata dorſo convexo umbilicata margine acuto ; and 


has given a figure of it in the fame work, Pl. I. fig. 28. 


But this ingenious gentleman is free enough to confeſs, 


that its een flrufture had entirely eſcaped his notice, 
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164 . want a * 
etberwile he' _ — not . ranked it among the 
- Helis. 
: be RA des the ſheth is is to OY „Bend, is in hong Sitche 
of clear water, aghaving to the roots of Carices. It was col. 
le Sed near Upton Church, net far from Eton, in Bucking- 
bamfbire, in the ſpring ſeaſon. Mr. WALKER reports it to be 
Sund os flags in Hornhilt Brooks, in Kent, but very rare. 
The figures annexed will explain what I have been 8 5 
conch better than wonds, 42 | 
Fig. 1. (Tab. L) Fhe fhell of its natural 1 Ge with the 
umbilicared fide uppermoſt. 
2. Phe fame with the Jeprofibe. + gde ant; tha dark 
nd ſhewing how far the cavity of W 
pied by the dead animal included. 
3. The ſhell magnified with the Arreſi de . 
ſbewing the live animal within it, its head and antennæ pro- 
truded. Here the white lines appear double, being the ſhade of | 
the ſepta on both. ſides of the ſhell. 
5. Fhe fame magnified with the — ſide vppermoſt 
tlie head and under ſide of the animal appearing to view. 
4. The ſame magnified in a perpendicular view, with the 
mouth in front, but cut away down to the firſt ſeptum, in 
erder to ſhew not only the carina or keel of the ſhell, bur | 
more eſpecially the exact appearance of the triradiated ſeptum i 
_ neareſt the mouth, and in what mannes the animal contrives to i 
extrude itſelf through the aperture, the head and tail being i 
accommodated: to paſs through two of the parts of the inverted 
Y (x), while the dor/al ligament occupies the third. 
8. The animal's excrement. 
6. 7. Horizontal ſections of the ſhell, in 5 to ſhew the 
internal ſtructure, or the appearance of the ſepta, when the 
ſhell 


) 


— minute Britiſh. Shells, - 265 
- well is 3 . or. divided i in that direction. Fig. 6. fhew- 
ing the ſhell ground away in part, with its umbilicated fide 
uppermoſt. Fig. 7. the fame more deeply and evenly ground, 
with the depreſſed or more convex ſide uppermoſt. 


The ſecond ſhell I hall take notice of las much of the 
ſame external face with the preceding, and is nearly of the 
fame ſize and colour, but materially differs from it in having 
an uninterrupted cavity from the mouth to the center; that is, 
#0 divided chambers or compartments. This therefore evi- 
dently belongs to the genus of Helix. 

It is ſtrongly urmbilicated on one ſide, and. RY plane on 
the other, the central wreaths being nearly of equal height, or 
but flightly depreſſed, and deſtitute of that narrow border or 


fillet mentioned in the preceding ſhell. It conſiſts moſt com- 


monly of three volutions, convex on both fides, with an obruſely- 
carinated margin, and ſemioval mouth. | 
It may be named, 
Helix ( fontana) teſta cement obruſs carinata,. hinc um-- 
dilicata, anfractibus tribus utrinque convekis, apertura. 
ſemiovata. 
Fountain Helix. 
The figures here given repreſent this ſhell; on both ſides, in: 
its natural and magnified ſtate, fo that more words. to deſeribe 
it are needleſs. 
Fig. 1. (Tab. II.) The ſhell of the natural ſtze, with the 
moſt convex fide uppermoſt. 
2. The ſame, with the umbilicated fide uppermoſt. 
3. The ſhell magnified; the moſt convex fide uppermoſt. 
4.᷑. The ſame magnified, the umbilicated ſide uppermoſt. 
I do not find that it has been noticed by any author. 
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It was found in the bottom of a ſſ pring of clear wa: 40. "4 

_ © %hering to the under fide of ' rotten leaves, near Bullftrode, in 1 
Buckinghamſhire, 1 in the month of April: It has alſo been % 


found in ſome other clear waters in the ſame neighbourhood, me 
but not common. 5 
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A third ſhell I have to mention is a very minute but curious 
"Helix of a ſubconical form, conſiſting of about five convex 
1 wreaths,” gradually diminiſhing towards the apex. The ſhell 
is umbilicated at the baſe, and the wreaths are tranſverſely | ſur- 
rounded with numerous ſharp-edged rings, which are produced 
in the middle or back of each wreath into a kind of ſpur, g 
formed of compreſſed and very tender ſpines. The mouth is 
a ſegment larger than a ſemicirele, but not round enough to 
| conſtitute the ſhell a Turbo, to which it is nevertheleſs nearly 
allied. The colour of the whole ſhell i 1s brown. 175 "# 
| It may be named, 115 | 
Helix ( ſpinuleſa) teſta * e anfratibus 
5 convexis, annulis-membranaceis acutis cinctis, dorſo 
—— apertura ſuborbiculari. 
Tender prickly. Helix. i 
The figures here given repreſent this ſhell 5 in different poli 
tions, in-its-natural and magnified ſtate. | 
Fig. 1. 2. (Tab. II.) The ſhell, in different poirios of the | 
natural as. 
3. 4. 5+ The ſame enoginified 1 | 
I know no author who has hitherto noticed it. 
It was found near Bullſtrode, at the foot of pales, upon old 
bricks and ſtones, after rainy weather, in June and July. 


A fourth 


. er na . 
* 4 Ne El as 0 oY 7577 
"A py ay is a minute hell 4 to T Las ks. : 
It ſtrongly reſembles the depreſſed Helices ; but its circular 
mouth forbids its being ranked in that genus. 

It conſiſts of four cylindric, or reunded volutions, of wy 
equal height on one ſide, but ſunk or umbilicated on the other. 
"Theſe volutions are tranſverſely ſurrounded with numerous 
| ſharp-edged membranaceous rings, which are very fragile and 
decidrfous. The mouth, when perfect, is bordered with a 
1 compreſſed erect merges. The colour of the ſhell is uniformly 


brown. 


7 \ o þ ; 
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It may be named, 
. 1 Turbo (belicinus) teſta an hinc nn 
| anfractibus 4 toroſis, annulis numeroſis acutis membra- 


naceis cinctis. 


The fine-ringed e of | 
The figures herewith exhibit both bade of the ſhell, in its. 
natural and magnified ſtate. 
Fig. 1. 2. - (Tub. III). The ſhell, on both ſides, of the natural | 
ze. 
3. 4- The ſame, on both ſides, * i 
No author, that I know of, has deſcribed it. » 


1 

It was found near Bullſtrode, upon bare ſtones, in the 
e ſpring ſeaſon, and at other times in moiſt weather. 

The. þ/th and 16% ſhell I have to mention, is a ſmall thin 

oblong compreſſed Patella, of a horn colour, about a quarter 

of an inch long, and one-tenth of an inch wide, having a 


pointed vertex neareſt to the lower end, turned downwards, 
and leaning to one ſide. 


It may be called, 
Patella 
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| "IR © Oblong: Meck- ater Patella. 1 45 ae „ . 
: 8 1 is + perfectly diſtinct from the Patalla -Jaeaftris of Dane 
* | bath? in ſhape, and flexure of the verve, as well + a8 Re defti- | 


tnte of radiated ſtreak s. N 
| Fig. t. 2. 3. and 4. (Tab. 18) The natural fue in Leer 5 
= attitudes. 1 l 
| Y 5. A ſhell gie with its vertex FT bs | 


6. Patella 9 Lin. 2 the Plan of the two Sirens 
ſpecies. 1 

It has e the notice of all the authors I am acquainted 
with. T Bo . 

It was found dhe to the leaves of the Iris Pſeudacarus Y 
in waters near Beaconsfield, in Buckingharathire, by Mr. 
Acnew, Gardener to the late Ducheſs Dowager of PoR T- 
tap; by whoſe ſagacity all the preceding thelks were diſco- 
= vered, and by whoſe faithful pencil they were drawn, | 


+48. a 


1 "FOR now FER with deſcribing the ſhells 1 intended; bue 4 
1 I conclude, it may not be thought, perhaps, quite 
Meign to my preſent ſubject, to remove, in ſome degree, an 
error which has been almoſt univerſally adopted by the dealers 
and collectors in ſhells, reſpecting certain ſubjects, brought from 
Jamaica, and other parts of the Weſt-Indies, commonly known 
Wl by the name of Gold Shells, They are yellow gloſſy ſub- 
_, Htances, of an obtuſely conical figure, and fize of tares or vetch- 
i M ſeeds, compoſed of ſeveral concave brittle imbricated ſcales, 
_ cloſely compatted, ſo as to reſemble the foliaceous gem or bud of 

ſome tree, and have generally a hole or perforation in ſome 


part. Theſe are e ſuppoſed to be ſhells, or the 
2 | n embry 0s 
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at leaſt near the extremities ; for I clearly perceived the nerves 


enn " (ell thkecious of me beg or _ Jet Gelb 
however, that this is a miſtake , for having collected a few 6fyhied 
largeſt and moſt opaque of theſe Jappoſtd fbelle, and ſuch av line 
o perforation to be found in them, I ĩmmerſed them for & few! 
minutes in hot water, and then carefully developing the ſeales of 
which they were compoſed, I found in the centre of all the largeſt 
and moſt perfect afmall inſect, enveloped i in a mealy ſubſtance, 
about the ſize of a ſmall bed-bug, of a roundiſh oval figure, 
dark brown colour, cohvex on the back, ſlightly concave be- 
neath, and in every inſtance, except one (out of at leaſt fifty 
which I opened), all without wings. The body was compoſed of 
about eight imbricated ſegments or rings; the head was very 
ſhort, and almoſt concealed under the margin of the thorax ; 
however, I plainly diſcerned, in ſome of the ſpecimens, that 
it was furniſhed with two ſhort filiform antennæ. The trunk 
had fix legs ; the feet termin mingted each with a ſharp red claw, 
The body of the 1g; Speeinee vokjeh had ings was ob- 
long, and narrower. 4g We” > 8 The wings 
appeared to be glued down to $138 uy, jut as in a bee or 
waſp, when it is Al oft rea 1 FA emgrye from the Pupa . 
Whether they wee two gr Dot f 8A am not abſolutely cer- 
tain; but they appeared tc to be of the filmy tranſparent kind, 


. 


as in the wings of a fly. From hence it evidently appears, 
that theſe Gold Shells are really no other than the caſes or cells 
of an inſect in its Pupa ſtate ; and from conſidering the form of 
its body, the difference of the ſexes, the one being apterous, 
the other winged, I have no doubt but it is a ſpecies of cochi- q 
neal or coccus, and probahly one not hitherto deſcribed by na- 
turaliſts. The caſes do not efferveſce with acids, therefore 
they are not of a Zeflaceous nature. They ſeem to be a vege- 
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But we muſt wait for a better elucid: 
2 thoſe who collect theſe ſubſtances in their native pl: 
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vin.  Obfarvations « on the Suphur Well at Hamid, ak; in 
July and Auguſt, 1785. By the Right Reverend Richard 
n F. R. S. 


Read * 27 * 


rl | Jr 1733, hk Doftor ar firſt publiſhed his Treatiſe on 

= Mineral Waters, there were only three ſulphur wells. at 
Harrogate ; there are now four. I made ſome inquiry reſpecting 
the time and occaſion of making the fourth well, and received 
the following account from an old' man, who was himſelf 
5 principal ly concerned in the tranſaction. About forty years 
ago, a perſon who, by leaſe from the Earl of BukLIxG rom, 
had acquired a right of ſearching for minerals in the foreſt of 
Knareſborough, made a ſhew as if he had a real intention of 
digging for coal, on the very ſpot where the three ſulphur 
wells were ſituated. This attempt alarmed the apprehenſions 
of the inn-keepers and others at Harrogate, who were inte- 
reſted in the preſervation of the wells: they gave him what 
legal oppoſition they could, and all the illegal that they durſt. 
At length, for the ſum of one hundred pounds, which they 
raiſed amongſt themſelves, the diſpute was compromiſed, and 
the deſign real or pretended of digging for coal was abandoned. 
Sulphur water, however, had riſen up where he had begun to 
dig. They incloſed the place with a little ſtone edifice, and 
putting down a baſon, made a fourth well. By a clauſe in 
the act of parliament for incloſing . Foreſt, paſſed 
2 2 in 
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in 1770, it is rendered unlawful for any perſon. whatever to 
ſink any pit, or dig any quarry or mine, whereby the medi- 
cinal ſprin or waters at Harrogate may be damaged or pol- 
luted ; ſo that no attempts of the kind e eee ted 
be apprehended i in future. c ä 
This fourth well is that Anh! is gbareſt & one of the barng 
of the Crown-Inn, being about ten yards diſtant from it. In dig- 
ging, a few years ſince, the foundation of that barn, they met 
with ſulphur water in ſeveral places. At a very little diſtance 
from the four wells there are two others of the ſame kind; one 
in-the yatd of the Half-Moon-Inn, difcovered in digging for 
eommon water in 1783, and another which breaks out on the 
fide of the rivulet below that Inn. On the banks of that rivulet 
Law ſeveral other ſulphureous ſprings : they are eaſily diſtin- 
gviſhed by the blackneſs of the earth over which they flow. il 
On the dedlivity of a hill, about a quarter of a mile to the weſt | 
«< the ſulphut wells at Harrogate; there is a bog which has been 
formed by the rotting of wood: the earth of the rotten wood is 
in ſome places four feet in thickneſs; and there is a ſtratum conſiſt- 
ing of clay, and ſmall looſe decaying fand ſtones every where un- 
der it. The hill above is of grit-ſtone. In this bog there are ſour 
more ſulphur wells; one at the top, near the rails which ſeparate 
the 1b from the Common; and three at the bottom, though 
one of theſe, ſtrictly ſpeaking, i is not in the bog but at the 
ade of it in the ſtratum on which the bog is ſituated, and at 
the diſtance of a yard or two from a rivulet of freſh water, 
which runs from thence to Low Harrogate, paſſing cloſe to 
the ſide but above the level of the ſulphur wells of that place. 
On the other ſide of the hill, above the bog, and to the weſt 
of it, there is another ſulphur well om the fide of a brook ; and 
it has been thought that the wells both at Harrogate and in the 
. | | bog 


» «<a =» vm EI © © mw ©" 


— oo r wh, 


d 

If 
9 
1 
E 
5 
1 
0 


I 
| 


2 1 


9 
bog) are . from this. well. In a low ground, between 
High Harrogate and Knareſborough, there is a ſulphur well; 
another to the north of it in Bilton Park, at about the diſtance 
of a mile; and another to the ſouth of it, at a leſs diſtance, 
was diſcovered this year in digging for common water by a 
perſon of the name of Ricuanpson; and, laſtly, there is 
another at a place called Hookſtone Crap : none of theſe - laſt 
mentioned wells are above two miles diſtant from High Harro- 
gate; and by an accurate ſearch a great many more might, 
= probably, be diſcovered in the neighbourhood. | 
It is not unuſual to dig within a few yards of any of theſe 
s fulphur wells, and to meet with water which! is not ſul- 
: phureous. I ordered a well to be dug in the fore-mentioned 
bog. fixteen yards to the ſouth of the ſulphur well which is 
near the rails, and to the ſame depth with it; the water with 
which it was preſently filled was chalybeate, but in no degree 
| ſulphureous. I had another well dug, at about thirty yalde | 
diſtance from the three ſulphur wells which are ſituated at the 
lower extremity of the bog; this well, by the dechvity of the 
ground, was ten or twelve feet below their level, but its water 
was not ſulphureous. From the firſt well which I dog, it is 
evident, that every part of the bog does not yield ſulphur wa- 
ter; and from the ſecond, which was ſunk into the clay, it is 
clear that every part of the ſtratura on which the bog is placed 
does not yield it, though one of the wells is ſituated in it. 
his ſulphur wells at Harrogate are a great many feet below 
the level of thoſe in the bog; but they communicate with 
them, if we may rely on what Doctor SzorT has told us — 
That about the beginning of this century, when the con- 
courſe of people was very great to the Spaw at Harrogate, one 
RoBexT WARD, an old man, made a baſon in the elay under 
; the 
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the ds of a bog where the ſtrongeſt and briſkeſt of theſe ful 
Phur ſprings riſe, and gathered half an hogſhead of water at 
a time for the uſe of the poor; but when he laded this he 
almoſt dried the three ſulphur wells at the village, whence it is 
evident, that all have the ſame origin and communicate with 
one another,” By converſing with ſome of the oldeſt and 
moſt intelligent people at Harrogate, I could not find that they 
_ entertained any opinion of the water at the bog having a commu- 
nication with that at the ſpaw. This circumſtance might eaſily 
be aſcertained; and, if the fact ſhould be contrary to what Doctor 
Snuon r ſuppoſed, the wells at the bog ought to be covered from 
the weather as thoſe at the village are; they would by this 
mean yield great plenty of water for the baths which are 
| wanted by invalids, and which are often very ſcantily ſup- 
plied by the wells at Harrogate, notwithſtanding the attention 
which is uſed in preſerving the water which ſprings at the 
four wells, by emptying them as often as they become full 
during both the day and night time. And indeed it is ſur- 
priſing, that the well on the ſide of the rivulet below the 
Half. Moon - Inn, which is ſo well ſituated for the purpoſe, has 
never been incloſed for the furniſhing ſulphureous water for 
the baths. The preſent mode of carrying the water in caſks- 
to the ſeveral houſes where the perſons lodge who want to 
bathe 1 in it, is very troubleſome, and the water thereby loſes of 
its virtue. Some of the wells about the village, that for in- 
ſtance which has been diſcovered at the Half-Moon-Inn, the 
water of which, I believe, ſprings from a different ſource from 
that which ſupplies the four ſulphur wells, ſhould be either 
enlarged-to a greater horizontal breadth, or ſunk to a greater 
depth, in order to try, by one or both of theſe ways, whether 
the quantity and ſtrength of the water mn not be increaſed; 
2 8 and 
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atid if that ſhould, as it probably would be the caſe, one or 
more baths might be erected after the manner of thoſe at Bux- 
ton and other places; or, by proper additional buildings, warm 
bathing in ſulphureous water might be practiſed, as is done in 
commom water in the bagnios in London. The ſaltneſs of the 
ſulphureous water, if that ſhould be thought uſeful, might 
eaſily be made even greater than that of ſea water, by adding a 
W quarter. of a pound of common ſalt to every gallon of the 
vater uſed in forming a bath. The waters at Harrogate, 
W though they have long been very beneficial, have not yet been 
rendered ſo uſeful to mankind, as an intelligent and enter- 
priſing perſon might make them. The alternate ſtrata of ſand, : 
cone, and ſhale, which compoſe the lower hills near the wells 
at Harrogate, dip very much, as may be ſeen in a ſtone quarry P 
about two hundred yards from the wells; and the. ſame cir- 
cumſtance may be obſerved in. dry weather, in following the. 
bottom ef the brook from the village up to the bog; and 
bence, if there be a communication between the waters of the 
bog and of the village, as Doctor Snox r aſſerts, it is probable, 
dat the ſame ſtratum of ſhale which is ſeen at the bottom of 
the wells at the village, breaks out again at the bog above the 
village, and that the water finds its way from the bog to the- 
village through the crevices of that ſtratum. 
After having obſerved, as carefully as I could, the number 5 
and ſituation of the ſulphur wells about Harrogate, I took 
notice of the temperature of the four at the village. In the 
month of June, 1780, when the thermometer in the ſhade was: 
72”, and the pump water at the Granby-Inn, the well of which 
is fifty feet deep, was 48, the ſtrongeſt of the ſulphur wells, 
being that of which invalids uſually drink, was 50. On the 
29th of July in this year, after the earth had been parched 
eat 4 8 


6s 550 of Lanwarr'ee rwatio 
with drought for many months, the heat of the Aged well 
| 48%, and the heat of the air in the ſhade 76*.. Doctor Wai.mzs, 
the heat of this ſpring was 48*, when that of an adjoining: 


. rivulet was 53*. 
the experiment was made in cold weather, the temperature of 


earth; or at leaſt it indicates its having run for a conſiderable 
diſtance in a channel ſo near to the ſurface of the earth, 'as to 


liable from the action of the ſun. But the heat of tlie ſulphur 
but it is not the ſame in all the wells at the ſame time. If we 


7 going to the right, the third well, which is reckoned the next 


48% which is the conſtant temperature of fprings ſituated at a 
great depth in the earth in this country, it may be obſerved, 
that though the firſt and the third well are never frozen, yet 


was g; the water of the Granby pump was on the ſame day 


who has lately written a treatiſe on Harrogate water, fays, that 


And have little doubt in believing, that if 


the ſame well would be found to be ſeveral degrees below 48. 
This variation of temperature in the ſulphur water indicates 
its ſpru. ging from no great depth below the ſurface? of the 


participate of the changes of temperature, to which that is 


water 1s not only. variable in the ſame well, at different times, 


call the ſtrongeſt well the firſt, and reckon the reſt in order; 


ongeft, was 5% hot when the firſt well was 54. In ſup- 
port of the conjecture that the ſulphur water of the ſtrongeſt 
well would in a cold ſeaſon make the thermometer fink below 


the ſecond and the fourth well are frozen in ſevere weather. 
When the ſecond and the fourth well are covered with ice, 
it is probable, that the firſt and the third have a temperature 
far below 48; but that the ſea ſalt, which is more abundant 
in them than in the other two wells, and which of all ſalts 
reſiſts moſt powerfully the congelation of the water in which 


| Harrogate.. . 177 
qt is tiflplyed,. en them from bein ng. frozen j in the coldeſt 
Kant eien to our climate. WO IG g 
As the temperature of theſe four wells is det the ame | in 
all of, ther at the ſame time, nor invariable in any of them, 
ſo neither does there ſeem to be any uniformity or conſtancy 
in yank with reſpect to the quantity of ſalt which they con- | 
The ſalt with which they are all impregnated i is of, the 
5 in all, and it is almoſt wholly common falt ; and 
| though the quantity contained | in a definite portion of any one 
of the wells is not, I think, preciſely the ſame at all ſeaſons of 
the year, yet the limits within which it varies are not, I ap- 
prehend, very great. A method is mentioned in the LXth 
volume of the Philoſophical Tranſactions, of eſtimating the 
+ Wo quantity, of common ſalt diſſolved in water, by taking the ſpe- 
cc gravity of the water: this method is not to be relied oit, 
when any conſiderable portion of any other kind of ſalt is dii- 
ſolved along with the fea falt; but it is accurate enough to 
give a good notion of the quantity contained i in the 1 
wells at Harrogate. On the 1 3th of Auguſt, after ſeveral 
days of rainy weather, I took the ſpecific gravities of the four 
ſulphur wells at the village, the drinking well being the firſt.— 
Rain water 1.000, firſt well 1 oog ſecond well [.002 3 third 
well 1.007; fourth well 1.022, By comparing theſe ſpecific gra- 
vities with the table which i is given in the LXth volume of the 
Tranſactions, it may be gathered, that the water of the firſt well 
| contained of its weight of common falt 3 that of the ſecond 
and fourth, - x77 + and that of the third, .. After four days 
more heavy rain I tried the ſtrongeſt well again, and found its 
FW. ſpecific gravity to be 1.008. It is worthy of obſervation, that 
the water, as it ſprings into the firſt and third well, is quite 
tranſparent, but uſually of a pearl colour in the ſecond and 
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4 wells at the. bog are commonly faid to be fulphureous, but not 


1 


8 ae usa Ohe 1 
a, Aa in appearance to the water of the firſt or thick ful 
well after, it has been expoſed a' few hours to the air; hence f 
is probable, that the external air has acceſs to the water of the 
 fecond and fourth well before it fptings up into the bafon. A 
great many authors have publiſhed accounts of the quantity of 
common ſalt contained in a gallon of the water of the ſtrongeſt 
well; they differ ſomewhat from each other, ſome making it 
more, others lefs, than two ounces. Thefe diverfities proceed 
either from the different care and ſkill ufed in conducting the 
experiment; or from a real difference in the quantity of ſalt 
with wh ch the water is impregnated at different feaſons of the 
year. The medium quantity of ſalt contained i in a gallon fall 
thort' of, 1 think, rather than exceeds two ounces: The fea 
Vater at Scarborough contains about twice as muck ſalt as is 
found in the ſtrongeſt ſulphur well at Harrogate. The ſulphur 


faline. This, however, is a miſtake; they contaur falt, and 
kalt of the fame kind as the wells at the village. I could not i 
diſtinguiſh the kind of ſalt by the method in which I had eſti- 
mated the quantity contained in the ſulphur wells; I therefore 
evaporated a gallon of the water of the welt in the bog which 
1s near the rails, anc obtained” a full ounce of common falt, of 
bu a browniſh colour : : the colour would have gone off by calci- 
nation. In what degree the medicinal powers of Harrogate 
water depend on its ſulphureous, and in what degree on its 
faline 1 impregnation, are que ſtions which I meddle not with: 
I would only juſt obſerve on this head, that any ſtrong ſul- 
phureous water, ſuch as that of Keddleſtone in Derbyſhire, or 
of Shap in Weſtmoreland, which naturally contains liztle or 
no fea ſalt, may be rendered ſimilar to Harrogate water, by 
 Gfſolving i in it a proper proportion of common falt. The four 
$2}phur 
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All be . within the oreumlerence of a 5 of 
ſeven or eight yards in diameter; yet, from what has been fail 
it is evident, that they have not all either the ſame tempera- 
ture, or the ſame quantity of ſaline impregnation. This 
diverſity of quality, in wells which have a proximity of ſitua- 
| tion, is no uncommon phayomenon.; and though at the firſt 
view it ſeems to be ſurpriſing, yet it ceaſes to be fo on reflexion : 
for the waters which feed wells ſo circumſtanced, m may flow 
through ſtrata of different qualities ſituated at different depths, 
| though in the ſame direction; or through ſtrata placed both at 
different depths, and in different directions; and that this i is 
the caſe at Harrogate. is probable We there being hills on 
every ſide of the hollow in which the village is placed. | 
With reſpect to the ſal phureous im pregnation of theſe wa- 
ters, I made the following obſervations, - 
The inſide of the baſon, into which the water of the 
ſtrongeſt well. riſes, f is covered with a whitiſh pellicle, which 
may be eaſily ſeraped off from, the grit-ſtone of which the 
baſon is made. I obſerved, in the year 1780, that this pellicle 
on a hot iron burned with the flame and ſmell of ſulphur. 1 
this year repeated the experiment with the fame ſucceſs; the 
ſubſtance ſhould be gently dried before it is put on the iron. 
I would further - obſerve, that the ſulphur is but a ſmall part 
of the ſubſtance which is ſcraped off. That I might be certain 
of the poſſibility of obtaining true palpable ſulphur from what 
is ſcraped off from the baſon, and at the ſame time give ſome 
gueſs at the quantity of ſulphur contained in it, I took three 
or four ounces of it, and having waſhed it well, and dried it 
thoroughly by a. gentle heat, I put two ounces into a clean 


glaſs retort, and ſublimed from it about two or three grains of 
Sad yellow 


85 yillow abk. "This dfb which ſtuck tö the neck of 
| the retort, had an oily appearance ; and" the retort, "whe 
opened, had not only the ſmell of the volatile ſulphureous 
acid, which uſually accompanies the ſublimation of fulphur, 
but it bad alſo the ſtrong empyreumatic fmell which pecu- 
Larly appertains to burnt oils; and it retained this ſmell for 
| ſeveral days. It has been remarked before, that the falt ſepa« 
rable from the ſulphur water was of a browniſh colour; and 
others, who have analyſed this. water, have met with 4 brown 
ſubſtance, which they knew not what to make of; both 
which appearances may be attributed to the oil, the exiſtence of 
which was rendered ſo manifeſt by the ſublimation here men- 
tioned. 1 will not trouble the Society with any conjedtures 
concerning the origin of this oil, 'or the medium of its com- 
bination with water; the diſcovery of it gave me fome pleaſure, 
as it ſeemed to add a degree of probability to what I had fd oon- 
cerning the nature of the air with which, in one of my Che- 
mical Eſſays, I had ſuppoſed Harrogate water to be imf reg- 
nated. I will again take the liberty of repeating the query 
which 1 there propoſed. 04 Does this air, and the inffammable 
air ſeparable from ſome metallie fubſtances, confiſt of oleagihous 
particles in an elaſtic fate?” When Tveutured to conjecture, 
in the Eſſay alluded to, that ſolphureous- waters received their 
impreguation from air of a patticular Eind, I did not know 
that Profeſſor BxxoAN had advanced the ſame opinion, and 
denominated. that ſpecies of air, Hepatic Air. I have ſihce 
then ſeen his works, and very readily. give up to him not only 
the priority of the diſcovery, but.the merit of proſecuting it. 
And though what he has ſaid concerning the manner of preci- 
pitating ſulphur from theſe waters can leave no doubt in the 
mind of any chemiſt coticerting, the actual exiſtence of ſulphur 
7 in 
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2 — Wells as s A rer 
in them yet Iwill proceed to the mention of ſome aber obs 
vious experiments on the Harrogate n in ſu * bs the 
fme doctrine. 
- Knowing that; in the backs of Aix-la-Chapetle, fulphur f is 
found ſtieking to the ſides and top of the channel in which the 
fulphureous water is conveyed, I examined with great atten- 
tion the fides of the little ſtone building which is raiſed over 
the baſon of the ſtrongeſt well, and ſaw them in ſome places 
of a yellowiſh colour: this I thought- proceeded from a ſpecies. 
| of yellow moſs, commonly found on grit-ſtone :- I collected, 
however, what I could of it by brothing. the ſides of the 
duilding, at the diftance of three or four feet from the water 
in the baſon: on putting what I had bruſhed off on a hot iron, 
1 found that it confiſted principally of particles of * 
8 however mixed with particles of ſulphur. ; 
Much of the ſulphureous water is uſed for baths at Hatrro- 
gate; and for that purpoſe all the four wells are frequently 
_ emptred into large tubs containing: many gallons apiece; theſe: 
conſtantly ſtand” at the wells, and the caſks, in which the 
water is carried to the ſeveral houſes, are filled from them. 
On examining the inſides of [theſe tubs, I found them covered, 
zs if painted, with a whitiſn pellicle. I ſcraped off a part f 
C this pelliele: it was no longer ſoluble | in water; but, being put 
on a hot iron, it appeared to conſiſt almoſt wholly. of ſulphur. 
Sotne of theſe tubs: have been in uſe many years, and the ad- 
hering eruſt is thiek in proportion to the time they have been 
applied to the purpoſe; but the ſulphur pellicle was ſufficiently 
obſervable” on one which was new in the beginning of this 
ſeaſon. The water when it is firſt put into theſe tubs is tranſ-- | 
parent; when it has been expoſed to the air for a few hours, it 
becomes milky; and, where the * is large, a white 
cloud 
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182 Biſhop if dunn Obſervations 3 
eloud way be ſeen ſlowly precipitating itſelf to che bottom: 
This white ptecipitate conſiſts partly, I am not certain that it 
ceouſiſts wholly, of ſulphur; and the ſulphur is as really cou- 
mained in the waters denominated {ulphureous, as ĩron is con- 
tained in certain ſorts of chalybeate waters; in the one caſe | 
the iron is rendered ſoluble in water by its being united ta 
fixed air, or ſome other volatile principle; and in the other 
 fulphur is rendered ſoluble in water by its being united to fixed 
air, or ſome other volatile principle: neither iron nor ſulphur 
are of theraſelves ſoluble in water, but each of them, being 
reduced into the form of a ſalt by an union with ſome other 
_  —— becomes ſoluble in water, and remains diflolved 
in it, till that other ſubſtance either eſcapes into ds airy, or 
becomes combined with ſome other body. 
About forty years ago, they took up the baſon of the third 
well, and a credible: perſon, who was himſelf preſent at the 
operation, informed me, chat in all the crevices of the ſtone 
on which the baſon reſted, there were layers of pure yellow 
fulphur. This I can well believe, for I ordered a piece of ſhale 
to be broken off from the bottom of the fourth well; it was 
ſpflit, as ſhale generally is, into ſeveral thin pieces, and was 
covered with a whitiſh cruſt. Being laid on a hot i iron, in a 
dark room, it cracked very a and , a ** flaws 
and ſulphureous ſmell. 
If che water happens to fiand a dab any of the 
wells, without being diſturbed, there is found at the bottom a 
black ſediment ; this black ſediment alſo marks the courſe of 
the water which flews from the well, and it may be eſteemed 
characteriſtic of a fulphur water. The ſurface of the water 
alſo, when it is not ſtirred for ſome time, is covered with a 
whitiſh ſcum. Doctor Suon r had long ago obſerved, that 
pipe: | both 
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not whence it has come that his accuracy has been queſtioned 


riments 1 found them true. The white ſcum alſo, which is 
bound ſticking on the graſs over which the water flows, being 

gently dried, burns with the flame and ' ſmell of ſulphur. 
From what has been ſaid it is clear, that ſulphur is found at 
Harrogate, ſticking to the baſon into which the water ſprings ; 
fublimed upon the ſtones which compoſe the edifice ſurround- 


water ſtands; ſubſiding to the bottom of the channel in which 
| the water runs; and covering the ſurface of the earth, and 
of the blades of graſs, ovey whiets i it flows. It is unnaceffary to 


| add another word on this ſubject ; ; jt remains that I riſk a eon 
jecture or two, on the primary eaulſe « of the 2 im- 


prognation. obſervable in theſe waters. 
In the Chemical Eſſay before referred to, E "TTY Pug 
_ that the air ſeparable from the lead ore of Derbyſhire, or from 


Black-Jack, by ſolution in the acid of vitriol, impregnates com- 


mon water with the ſulphureous fmell of Harrogate water; 


and I have alſo ſhewn that the bladder fucus or ſea-wrack, by 


being calcined to a certain point, and put into water, not only 


gives the water a brackiſh taſte, but communicates to it, with- 


out injuring its tranſparency, the ſmell, taſte, and' other pro- 
perties of Harrogate water. Profeffor BE ROMAN impreguated 


water with a ſulphureous taſte and ſmell, by means of ais ſepa- 


rated by the vitriolic acid from hepar ſulphuris, made by fuſion 


of qual weights of ſulphur and pot- aſſies, and fram a maſs 
made of three parts of iron filings melted with two of ful- 


phur ; ; and he faund alſo, chat Black- Jack ate native Siberian 
1 : | 9 iron 


1 I % "1 4 » py * * a 
. E. — * F A. * — * * ks * 3 * ' 
5 — 9 * * y Ne " 
1 


beck the black » and the white tl * n 
ecntions, on a hot 1 iron, of their contaming ſulphur: 1 know 5 


in this point; 3 certain i am, that on the repetition of his EXPE» | 


ing the well; adhering to the fides of the tubs in which the 
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Aub Melde hepatae abry by ſalinionin, acids. This, L belizve, | 

4s the main ef what: is known.» by +chamiſts; on this ſubjeQ; | 
what''l |haves:to ſuggeſt, relative -to 1the Harrogate. waters in 
particular, may pethaps be.of ue tg future inquiress. 
I hive been told that on breaking into an ald coaliwark.. : in 
which 2 con ſiderable quantity of, wood had been left rotting 
for a long time, there iſſusd out 4 great quantity of Water 
ſmelling ke Hayrogate water, and: leaving, as that-water does, 
a whiteſcum on the earth oer which it paſſed. On opening 
a well of commen water, in which there was found. a log of 
rotten wood, an obſervant phy ſcian aſſured me, that he had 
percerved = ſtrong and diſtinct ſmeli of Harrogate water. Dr. 
Dawn, in his ingemous Account of an artificial Spring of il 
Were publiſbed in thirſt patt of the L. XXV tk volume of 
the Philbſophical Tranſactions, mentions his having perceived 
a light ſulphureous #Fmell and taſte; in the Water of a well 
which had been ſunk in a black, looſe, moiſt earth. which p- 
peared to have been very lately a morals, but which i is now 
covered with houſes built upon piles. In the bog or moraſs 
above · mentioned there is great plenty of ſulphureous water, 
which feeras to ſpring from. the earth of the rotten; wood of 
which that bog conſiſts. - Theſe facts ate not ſufficient to make 
us certain, that rotten wood is efficacious in um pregnating water 
with a ſulphureous ſmell; becauſe there are many bogs in 
every part of the world, i in which no ſulphureous water has 
ever been diſcovered. Nor, on the other hand, are they to be 
rejected as of no uſe in the inquiry; becauſe wood, at a par- 
ticular period of its putrefaction, or when ſituated at a particu- 
lar depth, or when incumbent on a ſoil of a particular kind, 
may give an 'impregnation to water, which the ſame wood, 
under different circumſtances, would not ue. 


The 


1 = i; 
wetng; water, uſually found at the bottom of ſhips which 
are foul, is ſaid to ſmell like Harrogate water: I at firſt ſup- 
poſed, that it had acquired this ſmell in conſequence of be · 
coming putrid in contact with the timber on which it reſted, 
and this circumſtance I conſidered as a notable ſupport to the 
conjecture I had formed of rotten wood being, under certain 
| circumſtances, inſtrumental in generating the ſmell of Harro- 
gate water. But this notion is not well founded; for the bilge 
water is, I ſuppoſe, ſalt water; and Dr. SyorT ſays, that ſea 
water, which had been kept in a ftone bottle ſix weeks © ſtunk 
not much ſhort of Harrogate ſulphur water.” It has been 
remarked above, that calcined ſea-wrack, which contains a 
great deal of ſea falt, exhales an odour ſimilar in all reſpects to 
that of Harrogate water; and in confirmation of the truth of 
this remark, I find that an author, quoted by Dr. Soxr, ſays, 
that · Bay falt thrice calcined, diffolved in water, gives exactly 

the odour of the ſulphur Well at Harrogate. From theſe” 
experiments conſidered together, it may, perhaps, be inferred, 
chat common ſalt communicates a ſulphureous ſmell to water 
both by putrefaction and calcination. Hence ſome may think, 
that there is ſome probability in the ſuppoſition, that either 
a calcined ſtratum of common ſalt, or a putreſcent ſalt ſpring, 
may contribute to the production of the ſulphureous ſmell of 
Harrogate water; eſpecially as theſe waters are largely impreg- 
nated with common ſalt. However, as neither the ſalt in ſea 
water, nor that of cal-ined ſea-wrack, nor calcined bay falt, 
are any of them abſolutely free from the admixture of bodies 
containing the vitriolic acid, a doubt ſtill remains, whether the 
ſulphureous exhalation, here ſpoken of, can be generated from 
ſubſtances in which the vitriolic acid does not exiſt. 
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85 gi: , Wh 4 when it is firſt dug out 


aluminous taſte. Alum is an earthy falt reſulting from an 


contains phlogiſton, the other conſtituent part of ſulphuy, 


large enough to be ſeen in ſome of them; and if this be ad- 
mitted, then we need be at no loſs to account for the bits of ſul- 
phur, which are ſublimed to the top of the heaps of ſhale, 
when they calcine large quantities of it for the purpoſe of 


ſame with Harrogate water. He burned ſeveral other pieces 
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ef the earth, gives no impregnation to water; but by expoſun 
to air and moiſture its principles are looſened, it ſhivers into 
pieces, and finally moulders into a kind of clay, which has an 


union of the acid of ſulphur with pure clay; and hence we 
are ſure, that ſhale, when decompoſed by the air, contains the 
acid of ſulphur ; and from its oily black appearance, and eſpe- 
cially from its being inflammable, we are equally certain that it 
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And indeed pyritous ſubſtances, or combinations of ſulphur 
and iron, enter into the compoſition of many, probably of all 
forts of ſhale, though the particles of the pyrites may not be 


> 


making alum : nor need we have any difficulty in admitting, 
that a phlogiſtic vapour muſt be diſcharged from ſhale, when 
it is decompoſed by the air. Dr. Shox r ſays, that he burned 
a piece of aluminous ſhale for half an hour in an open fire; 
he then powdered and infuſed it in common water, and the 
water ſent forth a moſt intolerable ſulphureous ſmell, the very 


of ſhale, but none of them ſtunk ſo ſtrong as the firſt. This 
difference may be attributed, either to the different qua- 
lities of the different pieces of ſhale which he tried, or 
to the calcination of the firſt being puſhed to a certain 
definite degree; for the combination of the principles on 
which the ſmell depends may be produced by one degree 
of heat, and deſtroyed by another. I have mentioned, 
briefly, 
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ſhale extended over all the country in the neighbourhood of 
Harrogate ; ſeveral beds of 'it may be ſeen in the ſtone quarry 
above the ſulphur wells ; many of the brooks about Harrogate 
run upon ſhale, and the ſulphur wells ſpring out of it. They 
have bored to the depth of twenty yards into this ſhale, in 
different places, in ſearch of coal, but have never penetrated 
through it. Its hardneſs 1s not the ſame at all depths. Some 
of it will ſtrike fire, as a pyrites does, with ſteel ; and other 
beds of it are ſoft, as if in a ſtate of decompoſition, and the 
| ſulphur water is thought to riſe out of that ſhale which is in 
the ſofteſt ſtate. But whatever impregnation ſhale when cal- 
| cined, or otherwiſe decompoſed to a particular degree, may 
ive to the water which paſſes over it, it muſt not be concluded, 
that ſhale in general gives water a ſulphureous impregnation ; 


| out of ſhale, in which no ſuch impregnation is obſerved. 


the bog, fo often ſpoken of, after a long ſeries of very dry wea- 
ther, I found its ſurface, where there was no graſs, quite can- 


which had a ſtrong aluminous taſte, and the ſmell of honey. 
Banu ſpeaks of a turf found at Helſingberg in Scania, 
conſiſting of the roots of vegetables, which was often covered 


and I make no doubt, that the Harrogate moraſs is of the ſame 

kind, 

Whether nature uſes any of the methods which I have men- 

F tioned of producing the air by which ſulphureous waters are 
impregnated, may be much queſtioned ; 1t 1s of uſe, however, 


to record the experiments by which her productions may be 
B b 2 imitated ; 


tinefly, theſe properties of ſhale, becauſe there is a ſtratum of 


W fince there are many ſprings, in various parts of England, arifing 


I forgot to mention, in its proper place, that having viſited 


died over with a yellowiſh cruſt, of tolerable conſiſtency, 


with a pyritous cuticle, which, when elixated, yielded alum; 
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_ irrefiſtible; and every phyſical truth which we diſcover, every i 


mode of his operation, gives to a mind of any piety the man 
pure and ſublime ſatisfaQtion., 


- 


20% ; . 


never fathom the , Sou of divine wiſdom, "diſplayed © in - 
formation of this little globe which we inhabit ; yet the im- 
pulſe of attempting an inveſtigation of the works of God is | 


little approach which we make towards a comprehenſion of the 
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Ix. Obſervations a R ab on 17 Stars which the Atrone- | [ 
mers of the 2 Century fu oſpefted to be changeable. By Edward 1 


Pigott, Efa.; communicated by Sir ny C. En gleheld, 
Bart. F. R. S. and A. S. Bo | s 


| Read February 9, 1 786. 


TT: is about a century ſince HeveLvs, MonTANasT, Fra- 
© srRRD, MARALDI, and CassIN1, noticed a certain number 
of ſtars which they ſuppoſed had either diſappeared, changed 
in brightneſs, were new ones; and yet to this day we have 
» acquired n arther knowledge of. them. This may be attri- 
buted to the difficulty of finding out what ſtar 1s meant, and 
the not having exact obſervations of their relative brightneſs. 
I therefore have drawn up the following catalogue, and made- 
the neceſſary obſervations; ſo that in future we can examine 
them without much trouble, and be certain of any change 
that may take place. To accompliſh this, it was requiſite to 
compare with attention many authors and moſt of the cata- 
logues of ſtars; 3 in doing which I have perceived ſeveral un- 
doubted errors, and others highly probable ; but as entering. 
into a diſcuſſion of ſuch diſagreements would ſwell this account 
conſiderably, and make it very intricate, I ſhall avoid, as much. 
as poſſible, any thing of the kind that is not immediately 


neceſſary. 
In order to ſeparate certainty from doubt, I have claſſed theſe 
ſtars in. two diviſions; the firſt are undoubtedly changeable ;: 


the others remain yet to be better —— Though a 
of them bear all the appearance of being variable, ſtill no cer- 
tainty of their being ſo has come to my knowledge. To thoſe 
of the firſt claſs are ſubjoined obſervations made on them 
within theſe laſt four years, from which the period and pro- 
greffive changes of ſome are deduced, though never ſettled 
before, and if already known are more exactly determined by 
comparing my obſervations with former ones. Alſo, as the 
poſition of ſeveral are determined only by ancient aſtronomers, 
and therefore inaccurately, I have obſerved them with great 

exactneſs, the declinations being taken with a Bix D's eighteen- 
inch quadrant, and the right aſcenſions with a three-feet tranſit 
inſtrument : theſe laſt may ſerve in future to diſcover their 
proper motions in right aſcenſion, for which reaſon I ſhall 
ſpecify the ſtars to which they were compared. The ſtars of 
the ſecond claſs have either their relative brightneſs exactly 
| ſettled, or their non-exiſtence aſcertained. I have alſo pointed 
out the probability of a miſtake in ſeveral, and in general 


given an account of the appearance they have had within theſe 
few Years. 


Catalogue 


cane r wal sun, reduced to the beginning of 111. 


Claſs the firſt. 


R. A. * 


. Jeclination, 
time, - | 


Marz“ 8 ; 420th i in Leo 


Near the Swan's head 
'» Antinos o. oo 
In the Swan's neck 

In the Swan's breaſt 

0 —_—_ . ns Ws 


 Hzvzr.vs's 6Caffiope 
46 or f Andromedæ 
0 
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TYcuo's 20th Ceti 

5 or Neb. Andromedz 
Proll. and UL, BEiGH 
e Eridant «© «© 
41 Tauri „ 0 . 
47 Eridani EY 
Near 53d Eridam , 
7 Canis Majoris. 
B Geminorum , 
8 Leonis IIA Re . 
SEES . oo 
2fth Leonie 
BaytR's 5 Leonis « 
by Urſæ Majoris 5 
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or v Andromede |] 
EVELIUS's41 Androm. 


2 8 33 3 87 25 
2 54 19 40 6 551 
9 36 5 12 25 ooN 


13 18 4+22 9 38 $| 
17 18 00—|21 10 4 8 


18 42 11 33 7 46 N 
19 38 58 [26 48 EN 
19 41 34 

19 42 21— 


| Greateſt 8 
and leaſt From * 1. re- 
magnitudes. 
ny n Al- 
5 | mageſtum, &c. 
2 INE Q BRADLEY. 
2 — 4 Marz. 
6 — O {MaverR, 
4 — © From my obſervat. 
3 4. JBApTIE T. 


3 — © Phil. Tr. N* 65. 
do 28 14N[3.4—- 5 LA Carrre. 
32 22 58N| 5 — © From my obſervat. 


120 9 54 37 22 37 N 3 — 0 From my obſervat. 


C the ſecond. ” 


50 oo N 7 — © HzvELIus. 


16 149 20 15N|4.5- 0 

1 28 40 41 31 iN} 5s — 
1 39 13 20 85 — © 

1 40 30 [39 40 3N[6 — 
j| 2 42 - [9 40 „ 
3 53 27 7 00 39N| 5s — © 
| 4 23 54 [8 41 40 5].4 — © 
4 29 00 12 30 = 84 — 0 
6 54 5 |15 19 36 83 — © 
7 32 11728 31 38 Ny 1 — 3 
9 20 24 12 14 23 N 4 — © 
9 32 3 14 59 30 NF. 6— © 
9 46 8 12 20 36 Ny. 7 — © 
9 52 4 |15 30 . N 6 — © 
[12 4 45 58 13 24 Na — 4 


57 20 oo NA 3 4. Krenn, 


FLAMs TEE D. 
FLAMs TEED. 
HEevELivs, 
'Tycuo. 


[FLAMSTEED. 


Ur. BelGH, 


FLAMSTEED. 
FLAMSTEED. 
By eſtimation, 
La CAILLE, 
MASKELYNE, 


MAYER. 


MAYER, 
FLAMSTEED, 


Tycho. 


La CAILLE. 


Claſs 


% · ha + + | 
Virginie bo. 
* I gms © 6s # 


Baver' s X near g 


In N. thigh of Virgo 
91 Virginis * | 


Draconis 4 
In weſt ſcales ot Libra 


Ola the _ ene. 04's 


"EY 
and leaſt ' 


4 501 


| [magnitudes,} 


From whence re- 
| duced. 


CRE LN 
Marxx. 
From maps. 
From maps. 


| {FLAMSTEED. 


| BRADLEY, Sg 
Mem.de PAcad, 
des Sciences, 


Prort.andUr.Beicn? A | 5 aA 
Gth.uaformed in Libra) 22 29 + | | 2566 Mo 
* Libre 5 29 39 ILA CAIIIE. 
Toene 1th Libre 1 * 37 + | Treno. 
33 Serpentis . $-15-3P [FLAMSTEED, 
Near Urſæ Minoris 16 EY | From maps, 

PToOL. 14 Ophiuchi 9 14 BRADLEY. 
Pro. 13 Ophiuchi | 17.18 + PToOL. 

Prox. 18 N 1 13 as Pros. 

o Sagittarii 6:01 18 42 00 [20 5 Mavzs. 

e Serpentis, - » « | 18 45 35 | * La CAILLE, 
_ Trcno's 24th Capricor.] 21 41 . I. Tycno. 
Trcno's 22d Androm. | 21 43 4 4 ITxeno. 

Tycno's 19 Aquarii | 22 25 |Tycuo. 

o Andromede , . 42 52 6 41 | Ls CAILLE. 
ei S * 2 11 . 40 It 59 45 0 25 [La CarLLE. | 


9 ſhall now to give a ſhort account of theſe un, 1 
and begin with thoſe of the firſt claſs. 
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FE 


The famous Nova of 1 572 in nee 


Several * are of opinion, that it has a periodical 


return, which KEILI. and others have conjectured to happen 


every 150 years. This is alſo my opinion; and I cannot think 
its not being noticed at the completion of every term a mate- 
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E objeftion, fince perhaps, as with moſt of the variables, it 
may at different periods have different degrees of luſtre, ſo as 
ſometimes to increaſe only to the ninth magnitude: and if this 


be the caſe, its period i is probably much ſhorter. This induced 
me, in September 1782, to take a plan of the ſmalleſt ſtars 


near its place, and which I have examined often ſince, but 
found no alteration. 


0 Ceti. 
Since che end of 1782 I have obſerved. very ay the de- 


ll creaſe of brightneſs of this ſtar; but never have ſeen it of 


above the 6th magnitude. Oct. 29, 1 782, it was of the 7th 


magnitude, and gradually decreaſed till Dec. 30, it being ths 


of the 8 . gth magnitude. 
1783, Feb. 16, certainly leſs than the gth magnitude. 


equal to the little ſtar cloſe to it. 


1784, Jan. 11, 1 thought it by * ſtill leſs chan the 2 


fame little ſtar. 


1784, Sept. 12, it was of the 7 . 3th magnitude, and gra- 
J dually decreaſed until Dec. 9, and then was of the 9th my 


nitude, and rather brighter than the little ſtar. 


As a matter of curioſity, 1 have deduced its period from the 


E times when it was equal to a certain ſtar in the courſe of its 
© decreaſe; the reſults were 320—337 and 328 days; but M. 
Cassixi determined its mean period with greater exactneſs to 
be 334 days. Mr. GoopkickE ſaw it Aug. 9, 1782, of the 
2d magnitude, rather brighter than æ and leſs than g Ceti. 
Y Sept. 5, it was of the 30: magnitude, being equal to Ceti. 


Vor. LXXVI. Cc | Algol. 
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178 3. Auguſt 25, of the 6th magnitude, and gradually de- 
creaſed until Dec. 14, being then of the roth magnitude, and 
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The 2 of Algol, qiſcovered by Mr. eee gave | 
us ſome new light into the nature of the fixed ſtars. Though WM 
the phenomena ſeem to attract the attention of moſt aſtrono- i 
mers, ſtill there are ſome points which require further inveſti- 
gation. Its degree of brightneſs, when at its minimum, is 
different in different periods; and alfo, I think, when at its 
full, i is ſometimes brighter than « Perſei, and at other times 
lefs. Whether theſe differences return regularly after a certain 
number of periods remains yet to be examined. My laſt obſer 
vations, when it was at the middle of its minimum, are, 

5 RY 
1785, July 8, at 11 50 undoubtedly leſs than g rerſei. 

— July 31, at 9 50 equal to e Perſei. 


ſa remarkable obſervation ; rather leſs than > Perf; 
— Sept. 12, a 10 45 { evidently brighter than g nearly of the 34 mag, 


\... 


———— 


MareR's Ne 420, lately diſcovered to be variable by M. Kock. 


A few years before 1782, M. Koch ſaw the Ne 420 un- 
doubtedly leſs than the No 419 of MaxkR's Catalogue. 
In February 1782, he found them both exactly of the fame 
E brightneſs, therefore of the 7th magnitude. 
From an extract of a letter I have lately ſeen, the variable = 
was of the gth magnitude in April, * 3. and of the roth in 
April, 1784. 
I have often ſeen the N* 419, but never the WENTY though 
I have frequently looked for it with a night-glaſs, and on the 
* of April, 1785, in a 3 feet achromatic tranſit inſtrument. 
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Variable in Hydr ra. 
i 


Mas Alpl, in 1704, 13 * found that this ſtar had 2 pe- 
riodical variation, continued to examine it for ſeveral years, 
and concluded its period to be about two years, though with 


conſiderable variations; in which he was much miſtaken, as 


will appear from the following reſults, which ſhew that its 


period in all probability i 18 tolerably regular, and only of 494 


ys 


i 


Dates when it was at the middle of its greateſt brightneſs, 


eſtimated from MARALDI's obſervations. 


1704, March 14, he ſaw it nearly of the ſame magnitude 


from the beginning of March until the 
beginning of April; it then decreaſed. 

he ſaw it very faint in November, 1705, 
and found it decreaſing: this obſervation 
is too imperfect. 


{ mo 9 


| 1768, "May 22, accurately determined ; 4 its increaſe . de- 


creaſe being well obſerved. 
1709, Now: 10, :: doubtful, its decreaſe only being A 


1712, May 2, :: ditto, ditta, ditto. 
1764, Jan. 26, by me, very accurately, its increaſe and 


| decreaſe being obſerved. See the Obſer- 
vations that conclude this paper. | 


| 1785, — 27, —— ditto. 


The four greateſt intervals of Max AL Dr Obſervations give 


for ſingle periods in days thus 49 $—5 -179—480 and 510, the 
wean being 5001, which is tolerably exact conſidering how | 


0 8 doubtful 


1 


— 


196 1 Proof” s Objervations on s 
doubtful the obſervations of 1709 and 1712 are. My two 
make it 487 days; but as the interval is only a fingle period, 
it may err 10 days; ; I therefore ſhall take a megn between the 


refults, which is 494, and proceed on to the following compa- 
riſons of MarALDI's two ben obſervations with mine. 


ah Moy 2) inet f prin e of vn en. 


1708, May 22, 
1785, May 27, 
1704, Mar. " 4, 
1784, Jan. 2 

1704, Mar. - 
178 55 Why 27, 


} interval of 57 periods, each of 49 JE as 


interval of 59 0 each of 4944 days. 


} N of 60 periods each of 4944 days. 


IN 20 — 


A bol. period, on a mean, a0. days. 


* 


If Max Al prs obſervations of 1704 wo 1708 are ſt to. 
a month; and there is no reaſon to believe otherwiſe, the pe- 
riod at that time ſeems to have been a few days longer than it 
is at preſent, and therefore the one here deduced. may. be | 
eſteemed as the n mean n period. 


i PAR of the changes i it undergoes. 


1. When at its. full brightneſs it is of the 4th magnitude, 
and has no perceptible change for- about a fortnight. 

2. It is about ſix months in increaſing from the roth magni- 
tude, and returning to the ſame. 


3- Therefore it may be conſidered as inviſible alſo during fix 
months. 


4. It is conſiderably quicker in mereaking than in decreaſing, 
_ by half. 
Though 


. \ the ban N PP | 199 

Though ben at ite füll it may always be ſtiled of the Ath 
magnitude, it does not conſtantly attain exactly the ſame de- 
gree of brightneſs, but the differences are very ſmall, as 
ſhewn below. 
1704, brighter than J. 


1784, much brighter than J, being 4 
| [ detween ꝙ and y Hydræ. 

: 1708, brighter than ꝙ. 1785, rather brighter than q. 

S lts mean right aſcenſion, computed from my obſervations, . 
and reduced to Jan. 1, 1 784, f is: ; 


© 4 ' ##- 

199 29 30 4 abfcrvatidns, compared to 2 m, made between March 
and May 1784. 

199 29 21 from 2 ditto, compared to Mavyzr's 538; made in May, 1784. 

199 » 20 d from 5 ditto, compared toy Hydræ, made between March and May, 1784. 


19 29 24 —-mean right aſcenſion for Jan. 1, 1784, on — 


* _— Eg __— — * 
* 


Hxvr Ixus 8 zoth Hydræ i 18 the above ſtar; he wa it of i 
the 6th _magnituds ; 1 find it in no other Crna 


PR 


The famous Nova of 1604, in Serpentarius. 
A full account of this ſtar is given by KEPLEn, and it ſeems 


to have had a ſimilar appearance to the Nova in Caſſiopea; 


cherefore the reflections delivered there need not be again re- 
peated. In July, 1782, I took a plan of the ſmalleſt ſta 


near its place, which was examined n year ſince, but no 


aeration was perceived. 


. 


8 Lyre. | 
Mr. Goopr1cxs diſcovered the variation and: period of this 


ſtar, and hopes. ſoon to ſettle its different phaſes with more 
exactneſs; 


FSG: N A — — * A Mn — 


* 
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2 _ Mr. Pioorx's Obſervations on 
exaftuels; 1 ſhall therefore not enter into any detail, being 
certain it cannot be in better hands. In his laſt account he 


mentions having firſt ſuſpected the period to be only of ſix days 
nine hours; ſuch has always been my opinion, and which ma- 
terial point will probably be more fatisfaQtorily determined in 


his next red 


12 — ©... at — . — 8 Ng — Y 
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N ova near the Swan's Head of 1670. 


This ſtar was firſt ſeen in December 1669 by Don An» 
THELME; it ſoon became of the 3d magnitude, and diſappeared 
in 1672, after having undergone ſeveral variations. I have 
conſtantly looked for it fince November, 1781, without ſuc · 

ceſs; had it increaſed to only the loth or 11th magnitude, [ 


ſhould have perceived it, Rande taken an a exact * of all 1 the 
3 ſtars. | 


- 
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The variation and period df this ſtar 1 diſcovered Kat year, 
and had the honour of communicating an account of it to the 
Society: as at preſent a long interval is elapſed ſince my firſt- 
obſervations, and that lately I have nated ſome of its phaſes nj 
with exactneſs, I ſhall compare them to thoſe obſerved in | 
1784, which of courſe will give reſults more ſatisfactory. 
The period, as ſettled in my former paper, is 7 d. 4 h. 38“ 
but for reaſons there alledged, it muſt be much leſs . 
than the following. 


1785, July 18, at 9 h.! ee e 
195 484 "x 1 | times when 4 Antinoi was between 


Sept. 27, at 22 its leaſt and greateſt brightneſs. 
3 . Theſe 


9 


9 | « hs 
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Theſe being 5 —. to fimilar obſervations of Sept. 12 
and 9% you make the length of a * period thus: 


H. M. 

4 19 

| 22 
. 

+ 


yy 
— 


15 on a mean. 


4 


I fee no reaſon to alter materially the other points; but be- 


lieve them more exact thus: 


40 hours at its greateſt brightneſs. 
66-—— in decreaſing, 50 


30 — at its leaſt. ns” 


36 —— in increaſing... 


It alſo, in every period, ſeems to attain the tiite degree of. 
. when at its full, and to be equally decreaſed, | 


—— 


Variable i in tie Swan! ;N 1 


During theſe three years T have obſcived: this ſtar with par- 
Sailer attention, as may be ſeen by the obſervations that con- 
S clude this Paper, and determined the middle time of its greateſt 


brightneſs very exactly, thus: 

1783, July 9, of the 6. „th Dry 
1784, Aug. 4, of the 5 6th — 
1785, Sept. 1, of. the OR 
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The ſecond of theſe, being compared to that of Nov. 20, 
168; 7, made by Kinch, gives 406 days exactly for one period, 
the interval between them being 55322 days, and divided by 
87 periods. I make the dwiſor $7, in order to get a reſult 
neareſt to that ſettled by MaAALDI and Cass1ni of 405, and 
by M. LE GenTIL of 405,3 days. We cannot ſuppoſe that 
theſe great aſtronomers have made any miſtake; and on the 
other hand, it ſeems hardly poſſible, that the mean of my 
obſervations alone, which makes the period 392 days, can 
err 14; but perhaps! its period is irregular; to determine which 
ſeveral intervals of 15 years ought to be taken, and I am 
much inclined to believe, that it wall be found of only 396 
days 21 hours. 


| Particulars of the changes it undergoes, 


. When at its full brightneſs 3 it has no perceptible chang: 
4 about a fortnight, * 
2. It is about 3 months in 1 * the 1 ith mag- 
nitude: to its full brightneſs, and the ſame in decreaſing. 
3. . it may be confidered as inviſible during fix 
months. 22 
4. It does not attain \ the 8 degreee of W at every 
period, being ſometimes of the 5th, and other times of the 
Ith magnitude. 
Its mean right aſcenſion, computed from my obſervations, 
and reduced to Avg; I, 17R3, is 


a — a 5 
, „ * ' 1 WY ** r n * * — 
7 * 2 * \ — - — — 7 * 
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d 8 . from 2 4 compared to y Cygni, Ae Jalan Augu, 18s 


19 33 45 from 2 ditts, compared to y Lyrz, ditto. 


395 33 45 from 1 ditto, compared to « Lyrz, made in Auguſt, 1 7% 
295 33 55 from 3 ditto, compared to 2 Eyre, mac in July and 


295 33 82 Non 2 ditto, compared to 8 Cygni, made in Auguſt 1703. 
295 33 484 mean right aſcenſion for Auguſt , 1783, on a mean. 


— — —_— * 


iſt; 17857 


- 8 ” * # 


| Variable i in the Swan' $ Breaſt. 
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This ſtar was firſt ſen by G. Jansontvs in 1656; and 
afterwards frequently obſerved by different aſtronomers, but 


reaſon why no regularity in its changes has yet been deduced. 
I have examined minutely the obfervations made in the laſt 
century, and ſhall venture to give the following reſults. 

1. Continues at its full brightneſs for about five years. 

2. Decreaſes rapidly during two years. 

4 Inviſible to the naked eye for four years. 

4+ Increaſes ſlowly during ſeven years. 

5. All theſe — or its period, are + completed in 18 
years. - 

6. It was at its minimum at the end of the year 1 66 3. 


It does not always increaſe to the ſame degree of brightneſs, F 


being ſometimes of the za, and at other times only of the 6th 
magnitude. I am intirely ignorant whether it is ſubject to the 
fame changes ſince this century, having not met with any ſeries 
of obſetvations on it; but if the above conjectures are exact, it 
will be at its minimum in a very few years. Since November, 
1781, I have conſtantly ſeen it of the 6th magnitude, being 
rather leſs than N' 28, 29, and m, and rather brighter than 

Vor. LXX VII D d 36 


x 
—- 


with intervals of ten or more years, which is probably the 5 


e 


202 * n m — on 
36 and 40 Cygni. Sometimes I ſuſpect it has rather eee 
within theſe two laſt years, though in a very ſmall degree. 
Its mean right aſcenſion, cotnputed from my —— 3 
and reduced to Sept. 1, 1782, 1 18 A 7 


302 26 43 from 3 obſervations, compared to y Cygni, "RY in ober, 762. 
302 26 46 from 3 ditto, compared to y Cygni, made in Auguſt, 1782, 

302 26 52 from 1 ditto, compared to 8 Aquilæ, made ditto, 

302 26 46 from 1 ditto, compared to a Cygni, made ditto, 

302 26 39 from 1 ditto, compared to 8 W made in October 1781. 


302 26 45 mean right aſcenſion for Sept. 7 1782, on a mean. 
1 


1 — has this ſtar in his Catalogue; but, 1 believe, 
obſerved i it only o once. 


3 Cephei... 


This is the laft variable ſtar diſcovered, a again he Mr, ! 
Goopkicxk. Its changes are very difficult to be ſeen, unleſs 
examined when at its minimum and full brightneſs. - I have 
lately made ſome good obſervations on it thus: 


70 55 Aug. Zo, at 14 h. leſs than « Cephei. 
31, at 9 h. equal if not brighter than Oe 
Sept 15, at 121 h. leſs than « Cephei. 
16, at 8h. between : and 7 Cephei. 
— at 11 h. increaſed, but not as bright as. * 
4 7, at 11 h. rather brighter than g. | 
456, at 111 h. equal or leſs than. 
. 27, at 8 h. evidently brighter than &. 


Thereſdes it was between its leaſt and greateſt brightneſs 
Auguſt 31, at noon, and Sept. 26, at 21 h.: theſe being com- 
pared to my firſt obſervations, when alſo between its leaſt and 
greateſt brightneſs on Nov. 20, at 3 h. and Nov. 30, at 15 h. 


1 784, 


2 


te een W 3 203 
ths give the following reſults, the mean of which corrobo- 
rites that deduced by Mr. Gooprrcxe:of 5 d. 8 h. 31. 1 

2D; H. M. 

Re bn WE? S 8. 35. 

| $14: 46 

3 
3 


"Tength of a gl period 5 5 8 37 on a mean. 


— — 


a 
9 Cephei concludes the ſtars of the firſt ifs; : thoſe that 
follow are of the ſecond. 


HeveL vs s 6th Calfiopes. 


In 1782 I firſt perceived that this ſtar was miſſing nor 


could 1 find it in 1783 and 85 


r — — 


— 
— — — 


Wy _ ; aaa. 


This flar is ſaid to have diminiſhed in brightneſs. In 1784 
| and 1785 : found it, by very exact obſervations, leſs than v,, 
 cqual to „, and brighter than d and x; yet I muſt mention 
chat it is marked in my journal as being ſometimes brighter, 
and at other times leſs than ; but till I am not convinced, 
that it varies in brightneſs. I MSTEED, in his Catalogue, 


annexes no character to his 46th Andromedz ; but in vol. II. 
of his Hiſt, Cœleſt. p. 135. and 138. he marks it E. 


I ſuſpect an error in this e. but cannot be certain. H. E. 
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bs: Fr AMSTERD's. 50, 42, 2 ae — Haveuns's 4k 
Andromede. 

As the 2. and chatacters of theſe ſtars differ eonſidera- 
dly in different Catalogues, and that ſome of them are men- 
tioned by CAss ix to have diſappeared and re- appeared, I ſhall 
give their brightneſs as obſerved in 2783, 1784, and „„ 


Frausrzar s goth of the. 4. 5th magnitude, and equal, if | 
not rather leſs than © Andromedz. 1 


—— T7 of the th magnitude, and _ to 46 
and 48 Andromedæ. 


* of the 5 . 6th „ a of u 
Heverivs's 4t | fame brightneſs. 


A ſtar between FLAMsTEED'S 52 and Hevezrvs s 41 is of 


the 6th magnitude, or rather leſs. 1 could not ſee Tycho's 
ith. Andromedz ; but I take this ſtar to be the fams as Hxvx- 


'EIUS'S 41 Andromedæ. 


— — 
5 2 


_— 


. „ CO IPIRE 5 : _— 


Txcno' 8 20th Ceti. 


This muſt be the ſtar which 1 1us tid had i ligand, | 
being Tycno' 8 ſecond i in the Whale's belly. There can hardly | 
be any doubt but that it is, the X» miſplaced by, Tycyo. This 

xis of the 4. 5th magnitude, and of the ſame drightagk as 
the three 0 * 


— „„ * — 


ä 


— 


** —— 


W 8 5 oh . nk Neb, in his — 


85 It is mentioned in the lateſt Catalogues of. Nebula that 
this nebula could not be found. FLAMSTEED, who, I believe, 


1 * 


ö | variable. I ſee little or no- reaſon to be of that opinion; that 


 Tycuo's 43d. In 1784 and 1785 I found it of the ʒth mag- 
| nitude, being oquaE to 6, and brightss un 2; Tau. 


200.0 OY 


ne changoable Start; 


- 


_ 
*. * 


only obſerved it once, viz. Oct. 17, 1691, does not mark it 


nebulous ; nor does it appear to me ſuch, but as a ſtar of the 
6th magnitude, There are a few ſmall ſtars near it, which 
to the naked eye, when the air is very clear, make it appear 


| nebulous, which probably is the reaſon why PLAMSTEED 


marked it thus! in his ENS 


— 


* 


"EW Prot. and UL. Beron' 8 5th Eridani. : 
Fr Ame rA. ſays, he eould not ſee this ſtar in 1691 and 


| 1692. In 1782, 1783, and 1784, I obſerved one of the 7th 
n 


znitude in that place; the relative brightneſs of which ap- 


peared always the fame, vis. leſs thau two little ſtars near and 


I below 7 Eridani. 


1 Taurk 4 
This ſtar was thought by Cass1v1 to be a new one or 


it is not new is evident, ſince it is UL. Bzica's 26th and 


8 * * 
| PE, — 


Star about 21 North of ont Rridani, and 47 Eridani. 


| The fiſt of theſe ſtars Cxsstet thought a new one, and 
E that it was not viſible in 1664, In 1784 I found it was leſs 


than a, and d, brighter than A, and feemed equal to q Eridani. 
CAssIXI mentjons another. ſtar thereabouts,, which he alſo- 


eſteemed a new one: this is probably FLAMSTEED'S 47th. In 


I it appeared rather leſs than 46th. 
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7 Canis Majorls A . 5 


n could not. ſee this ſtar i in 167 but | in 1692 and 
1693 it appeared of the fourth magnitude. I have very fre. 
quent] y noticed it ſince 1782, but perceived not the leaſt varia, 


tion, being conſtantly of the 4th magnitude, very little 
brighter oo. 95 * decidedly * chan! 4. 


"Ars 1 2 5 "1 


„bb 


If Ether of theſe ſtars have changed 1 in brightneſs it i 


probably the g. In 1783, 1784, 1785, the 4 was — 
edly * than &. 


1 Leonis. 
 MonTANARI fr this tar was hardly viſible 1 in 1693. | | 
Found it conſtantly in 1783, 1784, and 1785, of the ſame | 
- brightneſs, being of the 5th magnitude; ; leſs than A, x, and, 


if any difference, rather brighter than h and u Leonis. Tycho, 


FL AM sT EED, Mares, BrADLEY, &c. mark it of the 46 
magnitude. 


F v1 "=" 


This ſtar is faid to have diſappeared before the year 1667. 
It is now, and has ever been ſince 1783, of the 5. 6th mag- 


nitude, being leſs than , and brighter than z, F LAMSTEED 's 
46th, 


25th 


. 20 


25th Leonis. 


In wa T frft perceived this ſtar was miff ing; nor was it 


viſible in 1784 and 1785, even with the tranſit- inſtrument. 


— 


ES 


BAYER's i Leonis, or 'Tycno's 16 Leonis. 


Tr was not viſible in 1 709, nor could ſee it in 1 785. This 
is a different ſtar from the i Leonis of the other Ge 


| though T xc Ha" 8 de en of its ** is the ſame. 


— —— 8 — 
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7 Urſæ 1 


This ſtar 1s Aſter to change in brightneſs (ſee Laws $: 
Aſtronomy), on on account of its being marked' by Tycho, 
Prince of . &c. of the zd magnitude: while HEvRLTUs, 
BRADLEY,, and others, have it of the 3d. At preſent; and 


being rather leſs than by _ to a, and rather brighter than . 
Draconis. 


r Y " r 


* 2 — 


n Vieglois. 


| This ſtar is ; ſuppoſed to be variable, becauſe Fx AMSTRED,, 
on the 27th of January, 1680, ſays he could not fee it. He: 


obſerved it May 12, 1697, and. ſome years. afterwards, ſince it: 
is in his Catalogue. 1 examined it frequently in 1784 and 
1785, without perceiving the leaſt change, being of the 6th. 


magnitude, leſs than c, and rather brighter than a ſtar three 


degrees lower i in a a right line with c and n Virginis. 


3 BA ERS. 


— 


por theſe three years paſt, it appears as a bright 4th magnitude. 


por ge E 1 


m3 9 


' . / 


r ü | 4% e. . FF RY A 4 , | 
200 W. Picotr's e f m' 
Barxx's ſtar of 6th magnitude, 1 South of g Virginis, 
This ſtar is not in any of the nine Catalogues that I have, 
MaRALDI looked for it in vain; and in May, 178 5, I could 


not ſee the leaſt appearance of it, It 2 was not of the 
Sth * 


ſom 
are 


to the northern thigh of Virgo. 


This ſtar, which is marked by RIccioLus of the 6th mag 
nitude, could not be ſeen by MaxArpr in 1709 nor was it 
of the gth — if at all viſible, in 1785. 


IE oY Fl 
— — — — — 
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97 or 92 Virginis. 


In 1785 I found that one of theſe ſtars was miſſing, and 
which looms to be the 913 the remaining one is of the 6. 4th 
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| Tam of Mr. Hanschzl s opinion, that it is highly qrobabl 
this ſtar is variable. BRADLEY; FLAMSTEED, &c. mark it of 
the ad magnitude; at preſentit;is only of a bright 4th. I have I 
frequently examined it ſince October, 1 78a, without per- | 
ceiving the leaſt change, being conſtantly. rather leſs. than i 
Draconis, equal to 3 Urſæ Fg and rather brighter than 4 
Draconis. 
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BAvrn's ſtar in the weſt ſcales of Libra. 

Manal pi ſays he could not ſee this ſtar; nor could Lin 
1784 and 1785. With a night-glaſs may be ſeen thereabouts 
ſome 


— EE 
* | 
2 


ſome ſmall dars K about the 8th iced, none of which 
are near as bright as the 2d » Libre. 


f 


Prot. _ Ur. Danni 8 N⸗ 6 * the a in Libra. F 


In examining different Catalogues I do not find this ſtar in 

any other than the above, though it is marked of the 4th 
_—_ magnitude. If ProlEMx had not the à it might be thought to 
be that. In 1785 J frequently obſerved a ſtar of the ʒth mag- 
4 nitude very near its place, which appeared rather leſs than 
FranrsTRED's 41. FLAMSTEED has not this little ſtar in his 

Catalogue; but he obſerved i it hh 9, eee. 


—_ 
6 — * 


Si * Eu * 

This ſtar is thought to be variable. 4 am not of that opi- 
nion ; though certainly it is rather ſingular that HEvELIUs, 
whoſe attention was directed to this part of the heavens, to 
find Tycho's 11th, did not obſerve the x; and the more ſo, as 


he has noticed two much leſſer ſtars not far from i it. During 
theſe three years I have found the x conſtantly of the 5th mag- 


t of 


i. — — 


| | TL 8 E 
an! : _ Trycgo's 2 Libre. 


1784, and 178 5, nor probably ever exiſted ; for it is, I think, 


Lin evident, that this 1 ith is no other than the 2, with an error of 


Outs two degrees in longitude. 


nitude, * lefs than wy . 1 to x, and A N than . : 


Hever vs ſays he could not find a ſtar of the 4th magni- | 
tude in Libra noticed by Tycho. This muſt be Tyeno's _ 
1th, ſince he has all the others. It was not viſible in 1783, 
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viſible i in 178. 5 with a nat W 


clssiur could not fee this ſtar. In 1782 I took, with a 
© night-glaſs, a plan of all the ſtars near its place, and near 


have diſappeared before 1695. 
was not ſeen by him. In 1784 and 178; I found it of the 
* 1 than 51 and 58, and leſs than 44. 


leſs than 51 and 58; but as the obſervation was not repeated, 
1 am far from being certain it has undergone any change, par- 


ren 


* Progyr's Oberoi . 


4 * 
9 + I 1 * » Pas 


| I 33 3 Serpentis. & 
In 1734 I nn that this ſtar was miſſig | nor was it 


447 


A ſtar marked by BAvRR near « Urſz Minoris. 


the e, none of which were brighter than the 7 8th magni- 
rude. 1 have ſince re-examined the { but found no alte- 


T TA & or Prox. and Ur. Brick 8 14th Ophivchi- or Fl au- 
sTEED's 36th. 


I have no Jenin but that this is the b Which! 18 aid to 


It is alſo evident, by what 
HeveLivs ſays in his Catalogue on the 8 and B, that the þ 


and 
quent 
than 


Magn 


4. 5th magnitude, much brighter than 39. alſo rather 
On the Zoth of 
June, 1783, I have marked it in my journal equal to 39, and 


ticularly as this ſtar has a ſouthern declination of 26% and = 


lee it 


therefore great attention muſt be given ta the ſtate of the 
atmoſphere. 


Pro. 


Pro. 1 3th and 13th Ophiuchi, 4th magnitude. 


If there ĩs no error in the Catalogue, theſe two ſtars have diſ- 


apprared ; but I am confident that PToLEMY's 1 3th is FLam- 


s EEp's 4oth; and that ProlxNv's 18th ought to be marked 


with a north latitude inſtead of ſouth, which would make ; it 
agree nearly with F LAMSTEED" 8 58th. 


= Sagittarii 


Mr. HxRScRHEL, with great maſon, has placed this ſtar 
among thoſe which probably have changed their magnitudes. 
had long fince remarked the ſingular diſagreement in all the 
Catalogues, which induced me to obſerve it frequently, parti- 


cularly in 1783, 1784, and 1785, when it appeared of the 


2. 3d magnitude, and brighter than 7 Sagittarii. 


6 Serpentis. 


MonTANARI ſays he ſaw this ſtar of the 5th magnitude, 


and that the next year it grew bigger. I examined it fre- 


quently 1n 1783, 1784, and 1785, and found it always leſs 


than $ Aquilæ, equal to G . and P Ophiuchi; 4th 


magnitude. | 


„ * —— 1 


Treno 5 27th Capricorni. 


This * was not viſible in Hevn us s time; nor could 1 
le it 1778, 1782, 1784, with the tranſit-inſtrument. 
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 . Trcno's zad Andromeda and o Andfomedre. - 


. Cass1n1-remarked, that the ſtar placed by Treuo at the 
end of the chain of Andromeda as of the th magnitude, was 
grown ſo ſmall that it could ſcarcely be ſeen. This 1 is T'ycno' 
Ne aa, the longitude and latitude of which places it near thelf 
two Cygni, and where no ſtar was viſible in 1784 and 178 5. 
As poſſibly, by Tycno's deſcription, Cass ixi took the 224 
for the o Andromedz, I have alſo. examined this ſtar, and in 
1783, 1784, and 1785, found. its relative brightneſs thus: 
leſs than a Cephei ; * to 7 Caſfiopeæ, though, if any dif- 
ference, rather 3 I 2 than a, x, or: Andromeds, 


©, mn 7 


Treue 8 — 2 


This is ; the ſtar that HeveLvs ſays was miſting, and that | 
Fr AMsTEED could not ſee with his naked eye Nov. 18, 1679; 
nor could I ſee the leaſt appearance of it in 1782. I am con- 
vinced it is the ſame ſtar as FLAMSTEED' s 56th, marked f by 
Bayer, from which it is only 14. FLAMSTEED': 8 536 
marked #1 in PTOLEMY' 8 Catalogue, 1 is a different. ſtar... 


f... ²˙ A ES oo — = Q «F[©x 


hal 


* INIT 


La Ce 8 48 3 Gar. | 


J firſt diſcovered that this ſtar was miſſing 1 in 1778. It was 
not viſible in 1 783 3. 1784. 


There are a few other ſtars ſuſpected by the ancient aſtro 
nomers to have been new' or altered a little in brightnebs, 
which I have omitted, not ſeeing any reaſon to think them 0; 
and ſome that are certainly variable, but cannot be obſerved i 


1 | 225 thbeſe 


ä 


| tals 1aitudes. 1 have alſo, contrary. to my faſt intention, 


thoſe that I lately diſcovered to be miſſingg 

Perhaps many perſons would place in the firſt claſs ſeveral 
8 ſtars which I have put in the. ſeeond, relying on the poſitive 
aſſertions we have of their having diſappeared, diminiſhed; or 
being new; for my part, I am confident that moſt of theſe 
ſuppoſed changes may be attributed to miſtakes; and in general 
for thoſe that are ſaid to be loſt, an attentive compariſon of 


Ceti, 11th Libre, and 19th Aquarii, &c. Since Fram- 
$TEED's Catalogue has been more particularly inveſtigated, the 
number of theſe ſuppoſed loſt ſtars is  confiderably increaſed ; 
but if the ſecond volume of his Hiſt. Cceleft. is alſo examined, 

many errors will be detected; among which it will appear very 
| unaccountable, that the 71ſt, goth, and 81ſt of Hercules, 


that theſe corrections do not in the leaſt intimate any miſtake 


fall entirely on the ancient catalogues and obſervations. 


be reckoned new ones, very judiciouſly gives us plauſible reaſons 
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added ſeverab which are not n 2 3 


different Maps and Catalogues will point out the error; and 
thus J have ventured to give my opinion of Tycho's 20th 


which were diſcovered to be miſſing by Mr. HzRScHEL, are 
not in Fi aMsTEED's obſervations under the name of Hercules, 
though I looked for them with particular attention, and find 
the 70th. The 19th Perſei, which Mr. HERSCHEL alſo could 
not ſee, was obſerved but once by FLAMSTEED, vix. Jan. 
16, 1693, and in all probability is the r with the time of its 
tranſit erroneouſly ſet down. The 7 was obſerved on Jan. 17, 
1695, and Jan. 18, 1694. Beſides theſe Mr. GooprICKes has 
found ſeveral other errors ſtill more evident. I-ſcarcely need add, 


or diminiſh the merit of thoſe that firſt point them out, but 
- Mr. HRRSCHñEL, in ſelecting ſeveral ſtars which poſſibly may 


not 
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remark: only” confirms what he there ſuggeſts; for that ſtar 2 
the 5th magnitude following + Perſei, mentioned by him, 
and which with great reaſon might be eſteerged a new one, is 
in all probability the ſame as one obſerved by FLAMSTEED, 
* 18, 1694, though not inſerted in his Catalogue. 
With regard to thoſe ſtars which are ſaid to have diminiſhed 
or increaſed, as thoſe in Andromeda, Leo, &c. they are, in 
my opinion, far from being confirmed as variable. I know, | 
from repeated experience, that even more than a ſingle obſer- 
vation, if not particulariſed and compared with neighbouring 
ſtars, is very little to be depended on; different ſtates of the 
weather, thin ſtreaks of clouds, have ſeveral times made me 
err a whole magnitude in the brightneſs of a ſtar. 

Whether theſe apparent changes in the ſtars proceed intirely L 
ona themſelves; or whether they are effected by any foreign 
power that may in part occaſion ſome of their particular ap- 
pearances and irregularities, we have not ſufficient data to 
determine : but whatever are the cauſes, a diviſion of the 
different phænomena ſeems to be the moſt probable means of 
forwarding any conjecture that hereafter may be formed; 1 
| ſhall therefore divide the firſt claſs into three orders. 

The firſt contains thoſe that are periodical with long inter- 
vals; - and ſuch I reckon o Ceti, that in Hydra, that in the 
Swan's breaſt and neck, and alſo Mayer's N' 420. 

For the ſecond order I ſhall mention only three, dah 
others might be added; but the accounts of them are fo unſa- 
tisfactorily recorded, and their places ſo little known, that I 
prefer ſelecting only that in Caſſiopea of 1572, that in Ser- 
pentarius of 1604, and that near the Swan's head. The 
phænomena of theſe certainly bear a great reſemblance to the 


firſt : 


oy "a 2 "the a K 34 
ürſt: fl their ſudden appearance, and no certainty of a pe- 
riod, or at leaſt. infinitely. louger, are, 1 . 3 rea- 
ſons to ſeparate them. 
"Laſtly, Algol, 1 Antinoi, & 1 St 3 Cephei, are 175 
fimilar to each other, and ſo different from the above, that 
there can be but little or no heſitation. in diſtinguiſhing them; 
alſo the cauſe of their changes ſeem in general to be attributed 
to ſpots, and a rotation on their axis. This property of the 
fixed ſtars, though often ſuſpected, was far from being evident 
till within theſe two years; and we are not only indebted tc 
Mr. GooDRicxe for the diſcovery « of the firſt, * alſo for 
three of the only four known. | 
Further may be added, that all thoſe * the firſ order 
(MA YER'S 420 being yet ſo little known remains doubtful) 
tain in different periods different degrees of brightneſs when 
at their full; alſo the progreflive increaſe of brightneſs of 
chat in Hydra, that in the Swan's breaſt, of a Ceti, 9 Lyre, 
Antinoĩ, and 9 Cephei, i is not ſimilar to their decreaſe, This 
@ peculiarity with regard to Algol is yet uncertain,” owing to the 
rapidneſs of its changes, ſo that there is only one that ſeems to 
have theſe points uniform, viz the variable in the Swan 8 
neck. | | 8 
I ſhall now conchads with the obſcreations from! which ſome 
reſults, given in this Paper, have been deduced; they are here 
collected together, 1 in order to avoid confuſion. 3 


* s d * 2 N ad i on 1 20 — _— 
eg es ol de 1 2 


8 ** hed as W - * _ 7 5 K 
: * i, oy” SO ae... 3 he ae a * my | . hn * 
— ! Ü -r lia 


: Obſervations D 


| 


* 10 _ OR SPY *** 9 
* 5 | 's $ ©» 
* | 8 1 , ar; * ö a | 
A 
* Prove Ohe wen WW. 
He 1 
| "Y N 7 7 4 ee * * * O41 1 1 bs 18 5 = * 
1 ©"? 2 * 2% $8. WT, 7 39 57 14 1 18 "Ws $4 * a as in 4 f 1 bd bd > 332 25 LH 44 | 8 
_ : "Ok tior the ; Hy dra PR, 
et ii on tlie variable; in ye fa. 8 
| — rm rr n= — 3 — 5 — 
8 MESSE ee — 07 "4 of 3d magti, 
| | 4 . ok ah — 
n grtHl bee ee ene 


. 


( au + Sa 
_— 


19s, Dee: 11. A. M. much lefs.than Big nals rather leſs chan K. 


— CINESCE IEF LTs ert 


1 
24. A. M. equal, if not leſs than, 4; of he ata; _ | 
brighter than 4 ; of about 4 of the difference betwety 
Yr BY * 4. NI. 'T 4 and y; of a more copper colour than $, 
2 9. A.! 


99 10. A. M. 
, ſwiththenaked eye;it appearedin brightieſs nearly between 
25. A *. 1% andy; and of a more copper colour than either I or 5, 
Feb, | 1. I the ſame brightneſs, b but ſeemed of a more copper 
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April 17. ſaw the x, But not the variable. 
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5 viſible to the naked eye g leſs than Y, and a brighter 
** " than E; of a more copper colour than IJ 
® N rather Ie than J. 


. n ed te te ROY find 5. TP 
3 1 3569 7 5s equal to air clear; moon- Night: AA ac Ai e y : 
þ. undoubtedly brighter than 13 little tary; moon near. ; s 
. rather brighter than +; moos moon-light ſtrong. | 


— aw 10. rather brighter than , though I think decreaſed. _ | ERA PR 

a _ 12. equal to þ: but am not ſure if the ſky was quite cle. 1 
13. rather leſs bright than $; air clear. 1 
M. GoobRIcRR alſo frequently obſerved the valable; and 
bis obſervations agree with the above. 0 TOY” 
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bs, May 20. at 121 equal or leſ than « Antinoi. = | - 4 
241.— 12 equal to,, evidently leſs than 8; moon-light, | 
22. — 121 equal if not brighter than 8 Aquile ; moon. 
— — 7 thought it brighter than 8; air clear. | 
June 10, — 124 rather brighter than · Antinoi. 
12.— 114 rather brighter than i, leſs than g. 1 
13.— 124 a little brighter than 8, much leſs than l. 
July 15.— 121 leſs than 8, brighter than . 
17.—11 leſs than , brighter than . Wy | 
18.—11 between and g;, I wink rather nearer g. 


0 between 8 and 9, rather nearer h;; air clear. 
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20. — rather brighter than 8, certainly equal. 
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the ſame letters 


it viſible, not of the Sth N 41 — 

rother brighter than 4 \f 34s 1 81 + 

rather increaſed. (75313-1351 N : 777 of 
rather increaſed.” tl 1% gd 10% 11 — £1 ; 
ol the ſame brightneſs as on the ves . 

1 * brighter than d or 6, 


rather brighter than d; decreaſed, , ot Os > 

| equaltod. ARE HED . 

lens than d, veihter nas" n 

leſs than e. | . 
think brighter 1 * 1 


equal to a, | 

much leſs chan a, , equal 6 7, and bright thas b. 

equal to b: 10811 $i: 

_ leis than &, .> 5d) 1936 c ! 

{ ſeen, with the greateſt diffenlty,; 7 le ths any An of the 
plan; 3 am doubtful if 1 = it N. interyals. 


I boked PE for the ibid b beoneen October and 
April, but could not ſee it, | 
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3. rather brig ter than ö, but wot fo bright ax þ. 
8 equal to a, brighter than 5. 
6 | equal to x , wich . 
E 6 rather brighter than . 
ee ——— rela. — 1.5 ' 
6 | think it decreaſed, but lil ather brighter than . 


6 rather leſs than x, 


6 . 7 | much decreaſed, leſs than x, but brighter than d. 
6. 7 ſtill brighter than 4. 
if any difference brighter than d. 
| rather leſs than d. | 

5 | 7-8 | leſs than e, about equal to 4. 

17.8 rather brighter than 2. | 
| 9 | leſs than hb, about equal to /. 

10 rather leſs than 7. 
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42 


leſs than b. ; Lbs DS! bu ; 
rather ter than 42. a ts 

17 Ho, wg Fm 75 ee; eee 
I could fee it with the naked eye. 


' / | with the naked eye, but the x more diſtinciy. 
. | not quite fo * as x; naked eye. 


ai ditto. . 
RS bs difficult to ſee with the naked eye, decreaſed in 
12117 brightneſs; air clear. 

: though the air was — it es wich the utmoſt 
{ difficulty I could ſometimes s eg. it wth © the naked eye. 
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regard to it (who. were both mariners, and uſed. to obſerva- 
tion); and becauſe of the ſingular conſequences that would 
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DEAR SIR, nana, Dee 22, , 178g. | 
Her always wack the account given in the Phi 

loſophical Tranſactions, by Mr. SACKETTE 5 about the 
beginning of this century, concerning the motion of the Clifts, 
and of the adjacent. ground, near Folkſtone in kent, a very 
curious one, and deſerving of much attention; : bath becauſe of 
the many poſitive atteſtations there were of ancient men with 


follow, from the afcettaining of ſuch a fact, in a philoſophicab 
light ; T have conſtantly, whenever I had any opportunity, 
made repeated enquiries concerning the matter, of ſuch per- 
ſons as I thought lkely to be able 1 to afford me any ſatis factory 
information. < 


* See Phil. Tian. ny XXIX. N- 349. or Jonas s Abridgment, vol, IV. 


part II. p. 248. 
Amongſt 


ſurpriſed at- the narration, and had never before heard of any 
ſuch phicrionienon. However, in leſs than a fortnight after 
our converſation, 1 was agreeably ſurpriſed by receiving a letter 


Y health oil not permit you to male the tour you at firſt propoſed; 
eſpecially es ſomething very currous has happened within theſe 


few days at Folkflone. Part of the cliff, to the weſtward of the 
wn, 4 little way from the church, has funk, and continues 
latin into the earth; rai ng the ground, about the ſinking part, 
ma very extraordinary manner. This correſponds with what you 
ſaid io me on the Jubjeft of StutfaBl-Caftle, Sc.; and certainly 


Mr. Boys, and requeſted his affiſtance : and although he alfo 


has made repeated viſits to the place, to obtain all the informa- 


with great pleafure, venture to lay before the Royal Society. 
that although Mr. Lyon differs from Mr. Sack zT TE, in his 


try, and controverts that fact; and has certainly given a more 


Nu ES 
\ hen rſt; * mentioned it laſt ſummer to my worthy 
2 very curious friemd Mr. Bors, of Sandwich; who ſeemed 


(dated 24th Sept. 178 5), in which he ſaid, I am ferry your 


Y deſerves your attention. If I could, by going thither, give yon 
any ſatisfadtion, I ſhall be ready and happy to obey your commands. 

| Being, through illneſs, prevented from examining this cu- 
I fious phænomenon myſelf, I accepted this obliging offer of 


was prevented from going to the ſpot himſelf, yet he applied 
to a friend of his, the reverend Mr. Lrox, of Dover; who 


non poſſible; and has, at laſt, ſent to me a very accurate 
drawing, together with an explanatory letter; which 1 now, 


1 muſt, however, at the fame time, beg leave to obſerve, 
conclufion, concerning: the motion of the whole adjacent coun- 
tlear and ſatisfactory account of the preſent phenomenon, 
than Mr. SacxETTE did of that which he withed to re-ord ; 


yet they both agree in imputing 4 mo remarkable effett (only in 
different 
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SKigreht ways). to. che gaffage of the, frings, and 0 
water; through the ſtratum of looſe. marle, on which the who 
country reſts: an effect which maſt needs produce, at different 
periods of time, various alterations on the ſarface.; and tnay 
moſt probably. bave xcafioned much greater changes in the face 
% e country than that made in the preſent inſtance. 
Wbether therefore Mr. Sacksrxz was right or wrong. in 
5 his great and final concluſion, concerning the motion of the 
whole coaſt; what he records, on the teſtimony of ſo: many 
aged perſons. (in which they perſiſted with great ſeriouſneſi 
and on the fulleſt conſideration), does ſurely ſtill deſerve at leaſ 
to be born in mind, and to be attended to with much eircum- 
ſpection; eſpecially on a coaſt, where perhaps fixed Pinus may 

be attempted to be aſcertained, at, ſome time or other, in ordet 


to complete the moſt rn moſt Eurioupe philaſopbica 1 


mepſorations. os 34 1 Hah 
And L muſt further venture to Woot in > e ba 
Mr. SACKETTE' s account and concluſions, that although. Tar. 
lingham-houſe has indeed been rehuilt, ſince. the time, referred 
to by the old mean. who converſed. with. Mr. Lyon ; and chere 
fore that old, man's remark might. be occaſioned; merely by that 
circumſtance; yet it, had not been; rebuilt in Mr. SACKET TE, 
time; and, therefore, no. ſuch circumſtance could be the occar 
fion of its coming recently in view, at that peripd- when he 
wrote, in parts of the coaſt where it had. nat been poſſible; to 
ſee it at ſome time before. 5 A in 520 
And as to the MooxinG Rock, /6 particularly referred. * h 
Mr. SACKETTE, being now- utterly unknown ; it ought, to be re- 
membered, that Mr. SacxeTTE, in his deſcription. of it, ſayss 
that it lies ſurrounded with great numbers of other. rocks, and 


Was on this account chiefly: a noted one, bicauſe, at it veſſels uſe i 
7 be 


2 EASY bb PI 3 8B 


OS S 1 
be nw, while they are N other rocks, which they take 
from benee, an, d foÞ ib oh" f el, Vit for theſe of 
Dower Fier; 975 a mo — quantity of them were ſhipped in 

and carried to Dunkirk, 
. laß dez therefore, that 4 
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ekt res dee whi ich EN ſome explanation, 


After- 1875 given: a ſection ot the cliff Rr ſhore, the lines | 
(hftead of being "cont nued in the fame pl; aue, and in the difec-- 
tion. of the ſame ſection) are drawn ſo, as to | be Coliceived as cx- 

tended oh the face 2 the colntry from the eye of the obſerver | 
at E. Without attending. to this cireumſtance, what he ſays is 


not very eafily to be unde derſtood; and! indeed I muſt fill wink, | 


that Mr. SACKETTE does not deſerve ſo much cenſure, although 


Mr. Lyon's be undoubtedly a molt accurate account, and maſt 
ckeat {6lotibn of * the pre ſeht plixnomienon. = 6 
cre. 0 
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DET OE + eee 1 Dink Mr: nd 1756. 


81 have deen 
mt 
| ground n car the town. of F olkſtone, in "this "neighbourhood, 
and to fend you. the reſults of my inquiries; 1 bave made it 
my buſineſs to, attend particularly to the ſubjed... + have been 
bs "twice to view the place. T have endeavoured to procure the 
, we informatiqn, and have, compared my remarks with what, 
the reverend Mr. 'SackerrE formerly faid upon the fame 
| ſubject | to the Ro yal Society. . YE 4 
That you may Me a clearer idea of the PAL where the 
ground i is ſinking, 1 have annexed a Song of i Fo taken from 
a ſmall hill near the foot of the cliff. 


AA (Tab. Iv. ) repreſents the 18 of the n 1 30 


queſted Ws my „ fend Mr. Bors, of 
to amine into the cauſe of the ; finking of ſome 


ATA! 


feet, which is funk 40 feet from the top of the cliff DD. | 
PB, is a fiſſure, 1 in the valley between the ſinking ground AA 
wh and | the hill HH, and in which there a are many | ſmaller chaſms. 
'S the tower of ae not far from the cliff 


DD. | 
hy part of the t town of Folkſton, as ben berween the cliff 
DD and the hill HH. j 
'F, : the high chalk cliffs at a abe. lating. towards 
Dover. 285 
G, a track of paſture "WP between a high range of hills 
and the ſea. 


* 
„ 


I, the beach, at 1 foot of the kit Wi 0 
KK, Rocks, faid to be raiſed (and I believe they are) by the 
finking of the ground AA, 
1 3 5 At 


ef the Ground near Folkſtone. 


ground AA to you, to advance an opinion of my own, and to 
oontrovert what the reverend Mr. Sack TER formerly ſuid 

upon the ſubject, it may be neceflary to explain the nature of 

the foil, as far as it is . to _ in the nn of- 

Folkftone.' 
The chalk: cliffs FF, . abegia at ods * . 
Folkſtone town high hills, and leaving the ſhore, there is a 
regs rn track of arable and e's — wakes em and the- 
Part of this 1 18 — m the. view at G. nds 18 A kind 
of marle, which contains pyrites, fragments. of the Cortina: 
Ammonts, and many other foſſil bodies. 

Next to the marle is a looſe ſandy foil. (fee the cliff DD) 
intermixed with a very large, hard, and coarſe kind of . 
in which are often found foſſil oyſter ſhells. 

This ſandy ſoil reſts upon a marle, which at the diff DD. 
is in ſome places three or four feet above the beach, and when 
| wet is very llippery. - A ſtratum of this marle extends for 
many miles on the coaſt, and where it. is not ſufficiently co- 
vered with ſand to bear: any weight, it is in _— places a 
quag, and dangerous to paſs over. 

Through this track of land I have deſcribed, 3 are many 
drains of water, which may be ſupplied partly from the falling 
of the rains in wet ſeaſons, and partly from the ſprings Lung , 
from the hills; - and there is reaſon to ſuppoſe, that in a looſe. 
| foil theſe drains form channels in a courſe of time. At the 

place where the ground has ſunk before, and is now ſinking, - 
there is a drain from the marle under the ſand; and I am of 
opinion, that the courſe of the water is in the ſame direction 
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That the Gnking of the — is ds by a A 
deing undermined (and I think by water) is evident from the 
appearance of the ground in the valley. The foil is full of 
fiflures, and reſembles an arch, which is ſunk down, and has left 
the two abutments, the hill H and the cliff DD, ſtanding. 
As the hilt -H more than counter-balances the preſſure of 
the ſinking ground upon the ſtratum of wet marle, the conſe- 
quence is, that the rocks KK, at ſome yards diſtance, being 
only thinly covered with fand, are forced upwards, and become 
. viſible,” and the wet marle in many n 1s — a 
the ſand with them. 
This appears to me to be the t true : reaſon 4 the baking of 
che ground at one n and the * of the rocks at. 
another. E 
That the reverend Mr. ewa 8 account of the — 
of the ground at Folkſtone, to the Royak Society, is founded in 
error, I have not the leaſt doubt, from the preſent appearance 
of ſome of the objects he deſcribes. I am rather at a loſs to 
Follow him exactly, as the oldeſt man in the town of Folk- 
ſtone (I am 03 never heard of the Mooring-rock he 
mentions. 
think by his defeription the iden of the ground muſt 
have been in his time at the fame place it is now, as Tarling- 
ham-houſe is not to be ſeen- on the other fide of the town. 
Admitting this to be the caſe, there wilt. ſtill be a. difficulty 
reſpecting the relative ſituation. of each place in explaining 
what he calls a ſketch of the country. But, to explain 
my meaning more fully, let B (Tab. V.) repreſent the 
foot 
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Gs of the Grend neer-Falkiine. I a LY 
-——wnarcy the view, which is — corey 
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b, the valley 3 the hill B and the cliff. - 

DE, the eragged cliff, 60 yards high, 1288 

EF, a plain, above a mule long. ieh 

FG, a hill of ſteep aſcent, Mr. Sacxerts Gs near Ty a 
! but this is much higher than it really is. 

GH, the land from the top of the bill to the houſe near A 
mile. 
1d, Taringham-houſ, yinge two miles and a half N N. w. 
from the rock. 18989 

EGHH, a line of bebt (.. Me. Serre, 8 deeripion of | 
the country). « 

If Mr. — in an — of is . 

t of the country, had placed each object according to its real 
= fituation ; and if the effects he has mentioned had been real 
o WM ones, they would have been truly wonderful, and worthy the 
attention of the curious inveſtigator of the hidden operations 
of nature; but I am apprehetifive he had but very little better 
foundation for what he has {aid than the vigue and inconſiſtent 
reports of a few ancient fiſhermen. Tarlingham-houſe is by 
Mr. Sackzrrz's account ſituated full as far beyond the hill 
FG as the width of the plain BF; but how deep the hill has 
ſunk to render the houſe viſible aver the top muſt depend upon 
the ſituation of it, vis. how much higher it was than the top 
of the hill. 

If the hill has ſunk only ten feet, there muſt have been 
ſome external evidence of it, ſuch as fiſſures round the baſe, 
and a very ſteep aſcent from the top of it, where the ſepara - 
tion happened between it and 'Farlingham-houſe ; but there 
are no traces of any ſuch finking of the hills, 
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e proof that Mr. Sau did 80 am 
into the matter himſelf, but reſted what he fald upon the vr | 


of others; Aud this is, that Tarlingham houſe is nqt 650 
over the top of the hall- ina the line of fight. EG, but gqnß 
derably to the left of it, in. the line EI, and clear rleyen ofithe 


baſe of the hill Reſides, a moment's reflection would) hays] 
told him, that the, ſinking of the; hills conld net p roduge th 


effects he mientions;; for if the ground in the plain was/puthed 
forward by it, it could not be a partial ſlipping; not only [the 
&rurth; and the whole town, muſt Have been removed, but 
every object between the baſe of the hills and the ;clif mu 
| Hays been removed out of their place; buy] aniy;; ventore to 
affirm, there is no proof of this having been done. 1, Gould 


have been drawn into the fame; os ſunilar er ors nyſelf, f I haf 
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reſtedh ſatisfied with the firſt accounts I tecæiyed From, n angie 
benen. 4 N the fame it nd "of OM hill wp 5 


eh * for L found, 0 pon mg ken bam horse bo 
ray Lane it — in \the.ha as of £ the. preſent proprietor. 
If what I have-faid ſhould. not prove ſatisfactory, I ſhall: h. 
_ happy: in giving you any farther info maion, upon this ſubjeÞ} 
 -_ powers and Am, Sir, WA «44 4 


[iv u 5d) alerry er; 18] 


- 1 -43 HED ea 284721] 4:1 -, IMG! moi 22 34203 J LON 

* : J 
£77 8 4 175 u IQ 
nad avg ior cody ; a," 1 vi : fret * 1 1 
4 1 n 4444 101 | 5 wel #4 115 - 1159 1. ib! 227 4&3 3:4 3: _— 5 4 3 
ab root N mn ; 1 5717108 | 2 N 17 = l it <6 8 « Aa: FEW © x: 
ME O05  DUUNT ESTUEN . +40 554 0b 82148 2 4116 | 


| 1 3 ” CE ty | 
£130 4119018 and) * * 15 „ bag 


> Jt £13 v7 220 Het A 


* 
” * „ 0 
At 24031 vun 19 825547 nits5 
4 k 4% o * : > * * 2 | + o \ 
"a . 


A 


d 


6 


be.» 48 A 
* N | 
a7 
: 
* 
ww 
: 
— — 
* 
* 
A 
»Q 
Ga 
PR 
- 
- 2 
. 
- 
* 
* 
* 
» 
. 
- 
, 
7 


2 —— — . — 


i 56 
- — —— — 2 
— — — — — * 
o o 
— FR 4 
1 
. — 
- — 
"+ P + OO as x — 
: — — — — — * 
** —— J — 
FA - * 
1 — — 
= KN 
oy y 


= — - 
>=, 
. 
. 
— 


— 
— 


—ů ̃ͤ —— —— 
— DD =D 
— — 
= RD 
DID Vt: 
« % 
— 
BJ 
4 
- 
. 
_ 
2 
4 


q | | . | \ L C : 
Oe. OT MOTOR: ing 
Tt MOVIN | 


2 


8 k ; ©, #4 - «al 
5 — tr _. RN 
* 
. 
* 


— 
* 


— 
o 


: 


10 dd 
1 


* 


N. \ \ W N W Tar N "_ (ow. Ma * . 8 "Bl : 7 il 
| N N \ | 1 | Q \\ N \\\ wh d * . - 


bl 
| 


EIN 
oh N 


Hy 


, 


MN 


„ 
, 1 - — - N — — — 
z Y , : l 7 * = — On 

's | 7 : 11 - 
* 

. 


E ili 

Ti = 
0 | 

a c „ ' if 

10 h Fi on oy (eg | ! | 

5 46 14 7 1 6 ly ae | - | 1 

ůKÿ%eeeee oo fn 00% % %%% 

T; e eg if Wil Wn 0 TA 


—_ 

— —— 

— _ - 
}, 


MR 


— J > 


— 
- _— 
= 0 
_ 
— 
: — 
— 
_ — 
* 
' 


Herr" 
/ 7 / 7 0 
NN 


1 8 5 * 70 N Mi vs 


„ 
0 "4 N AT 
* Ll  #. 
o 


— > 

— = - =. 

— —_ 
=_ 2 1 | 


" * 

5 4747 

. 77757000 
0 vl He 1 " 

ws "Wh. 71 | «10 "is 

4 . 1 4 F 528 i \ Vie ol 

5 Sh ke ty wo 


74) ( „% = , / l | | 7. Wl BA Fat) 
COLI TO ERER, 
l 1 | HO i (,' b \ 
Po el daft, 1 
0 1 n Wl 17 6 5 Wen 6 


! 7 l 9 N {> A - 50% 105 N N 
* — i ' | 1 0 N a l 14 ö it 44 W 4 Fs * U 1 = " n 
Dez nn gs ß T ak 
- — 1 * — t 11 aff \ Z Y l * : : * 76 4 3 : 5 34. —— 
ö | L 0 ie 00 Ng ih | i e — 4: 
— = _ * 4 - Ft 
I | — 5 — 


— Yo 
— — CIT 
— - = 
— — — = 9 
— — — — bg 
8 8 - — 2 
——— — 
3 p — 


775 Au | | 
7 10 


— 
——_———- 
— —— 


5555 „ 


# 

0 % OM An Wi | 00 2 
1 t i | _ 1 N i { : 77 Ne 
2 j ) | Y 65 N } a — 


- 
*.% 


| 9 67 
e MC \ 
| 5 


Q 
\ 


i r 
Þ 4 
Un 


oh\, - N 
1 
} 
We _ 
I N. . 


1 Hue: ö 
5 i 1 
[et 


Ty 
——— 


— 


i 
, 


fl 
k 


: 
„%, 
| 


98 


þ a — — * — — 
- Os * On — 8 * — _ A = - - p K = 
— * — = _ hg -» ww . -- — — ary — — 1 — R \ * 
{ * 4 — , - _— — han - „ —— >, by - 5 ar - _ 
* 4 — _ =. _—— _ — — — _ = ©, 4 Fe y - —— 
7 9 = N——— _ _ — — — ——— —. =_ - - > „ 2 n 
' " — — 1 j _— = ..- a. - _— - 
, 1 =_ py — Fd” = - = — - = a - -- - 1 
6%. N: a — — — — _— * - a | ; 
= - _— —— b \ = Q o = 
—— 4 ig — — „ — — : . \ \ 
bo { - FLY y \ _ \ = - 5 - = \ b 
„ 7. = = 


— 


0 
? 
9 


Ll 

1 
* 4 

4 


] 

i - k — 1 

N . | \ 85 — — 
1 0 — — — 
1 a — — — 
N —— \ he _ 
| _ — == 
| —— _— — 


e, 


uu, 


12 
— 


= 7 0008 
, = 
—— ti nh , ” m 
; 4 y 7 566＋ 5 


— 


— 
- 


d 
Vos N 


8 19. = 
| —. — — 
| -— — 2 — —— 4 
—— — — * — oo © > 
| — — ; == — VE 
-_ — * — 4 U gin -— a — 
2 —— — 2 j == | — 
— b =_ 4 7 — 
— — a — = b/ 4 
— = : 
_ — = - — 
— — = 
7 
LA 


N 
\' 


- — 0 
— 0 o 
— —— F 
—_—_— — — 2 
I — > EEE 
9282 — . — 
* —— — — — 3 — — 
2 — — 2 * — 
— — ern, — — —— 
Dn — > 


* 
10 


\\ 
_y 
N 


8 


N 
0 


| 
) 


* 
8 N 
\ 


t 
bf 
4 


, 
N 
bl 


4 4 


3 


G 


— — —— 


— = 


\ 
\ 
{ 
0 
\ | 


\ 
N 
\ 


»\ 
0 
ty 


| 


1 


t 
1 
i 


= 


» — 

—— 
5 — = 
. * — 5 - — — _ _ 
— — - — — 0 — = — — — + 
> 2 2 —— — CPR — — 

2220 — — — — , —ꝛ XS 
n —— U — —— 

. — — 7 — = > 2 — 

— = - _— — — — * 

- _— „ - | 


N 


i 


—— 


— . ——— — 
— , — om” — 
— a 


FI 
—— 


o —_ . 14 / 
G1 "nh 

is , 

' 10 


— o — 8 g o * 
9 — 3 a” T5 ', | ” - 
FI Sr nt : „ 22 e my —_— —— pan OD on * n as, 
LA 4 an = —— 1 = "- CS 9, - ON —_— 4 SOT _ Lu 70. 1 1 N = =_ ” p 5.48 447 fi. 
1 | 8. - - n M . o vd,... LAS OF. 174 ”, o * 
4 ' —_ bg gt oP Wing 2 2 - 7.8. — . l - »* „ 7 #0 
of ; X = b - 8. =_ = - go”, = * If on 0,.% Ld 32 i 5 U E * of + #, 
1 — — 3 of eo” -—— l — „ „„ : - R PIC „% „ *.4 - * S.4+, 7 , "4 4 —— 
1 —ͤ—m— „ — +8 bo „ SP #,4 
FL —— i d © 
BB = 
J 7 6 „7 0 222727 _— 
nt TITS — 22 
« # 


2 
— 
e 
1 N * a 
4 
7 
- +4 
* 
2A 
* 
is 
» 
* 


S, 
' * ? 4 * — Pg | "7 : L 4 
1 * : * 2 * - 4 | 4 0 
. 8 4 , | | * 
PTE N 1M 
th | * 


8 > _—_—_—_— 
© Philos. Trans Nol.LXXVITab. VPN 


* 
- 


* 


. a. 
. 
= 
U 7 
— — 5 — — — —— — — - CI — — — — 
— — — — — —— — . — — — — = — P — — -- — — —— — — 
— — — 1 — — — ñꝑ — — -- d —— - 
— — — — — — ::: „——— — — — — — — — _ —— - - — , . - b 
— — — — — — — — — — —— — 0 my * — . — — — - I — : _ 
* — . — — vda_> _—_—— — . = — — 2—̃ — 5 
— — — —— d — 
— —— — — - — — ͤ — — — I, — = - — — - - 
— = 2 — — . * 5. 2 + >» - wy — * ——— — — — 4 
=y — — 
—üU—ä—é— —— — — — — — — i — * — — : — 22 1 —— —— = — . 
— — — — — — — — — - — — — — — — — 2 . — p — 2 — OCD — — — 9 
—— > > . — — — — — —— — — —— — — — - — ——_ $-- — — — — * = 
— — _  — —— —— —— — — — * 4 : 4 1 — _ — 1 — * — 
—— —— L—ñ6ußlb — — — * * — — — — —_— — — — — 1 * — _ — 
— — — — — - * mo —— — — 1 * 2 — * - — 
— —— —ä — — — — a = 7 * — 7 
— — — —— — — — — — — — — ECT * , * —_ Jo [4 4 
— — - _ —— — — — ̃——I : —— — —  - — — —— — * — — . — 
— — — —— — — — —— — — — — — * - 
PX - — — — — — — — — — —ä—— — <——_—__ —— — Sà—— Oo 9 — 
- = — * 1 2 
— 
* — * — * 
” - 
p * 
— wy - += 
— — ” y 
— —_ — 


* 


N 


\ 

W * 8 u 
e. 
N 

Nan 

* 

x \ . G 
\ * 


PR , — * 7 5 br Hof 
= — N wer . * 77 N 
w 4; SI MAS AAR . - Ad Z # 9 A ty 2 . 
JOE — * Oy | 
8 r * I | da A . ö * 'G . 2 * | / ty p 5 5 0 
l 1 72 N T 1742 6 : 8 . ot X » > thv's HO f oe AAS F 
7 4 „ 2 i f 5 Cx 7 7 2 
* er . W ALES e 2 
, i 22 4 


OREN 4 > 5 
* 1 — 5 12 w * 4 f 
1 12 2 . 11 Wa; * 4 . N 5 , 
= 5 Fe * L 5 
* \ 3 4 * * AW: = — # Pas y 0 C 
\ , ; g , * #. A | - 
149 71 I ˙ —b 2 
. . o (£2 4 * OI IG #4, » 39% : # 7 1 a 5 —. 
— ”. \ l 4 h a C 
g ö 


„ - 


# 
Ga 4 1 " = FP 
k — . g g « 
17 4 — © 6 . 2 
LAY. E 4H * fo 4 Es # 
gc * . * 2 * o * 7 AIRY um 7 * 7 4 A 0 
. / \ - 6 * * 
* A | er, 4 | OE : | 4 = o 
9 4 _ , , _ 7 4 4 , 
*. . 9 RA 
b | — . = 1 1 1 
1. p ! . 3 2 4" \ 44 4 . py 
8 2 IE TR 4 —_ 7. Hp ICE as rd Her 6 BL CR 4 | e 
, : „ - 5 * 7 1 k 
«> . rp J 4.4 1 1 — 0 2 
. ' s "bow „ - . . : s . © s : AL af 
| a . , * ” L * ** 9 . : 
: ” 7 F 18 : 4 : 7 £ N 
9 4 * N A — # . 
c * 98 4 4 * oO 4 : E ? 0 7 
= , — p «as ug.” . _ 
Q * N "CLIX 1 * , , 
"Y o : if 4 . a * TE, = 
YZ 7 7 
4 5 1 
- 
, . - 
'Y 
2 - 


* * * * * 
o i 
7 98 A 
g . * , . 
' 5 3 
* 72 4a 0 
7 * * 
l 4 
. = . £ 
* ” y * 
7 * 8 
* 
C 


” 
* 
. *. 
8 3 
” 
* 
0 * 
— : * 
* 2 „ ” 6 . - 
"1 ; ; : #; 
. 
/ 8 
* = 
1 * 
P 7 y i, - 
- 
< * 2 0 = 
[ * f f 
oy » e 
"# . ” - 
” - " 
' 1 - 
: ” 
bop : 
* 
” 
- 
5 ** —— - 4 
* — 
, » 4 4 4 7 
— * 
"I + 7 . 5 
- 
1 
/ $: „ ” 
15 2 " 
% P 
1 
bs : Gs * 
* 
— 9 8 
£94 
- $5 
. * ” 1 . 
? 1 F ” * 
. ,: 5 
” 
” 
” : 1 "4 
M9 — m k | 
A % oy 
f * 
by + 
. — 
. 
f or. 
F K on; 
. 
J N * 
- - 
· ' 
*. 
* 
=; 
* 
es 
: - 
4 (OY 
* * A 
7 * 
v 
1 
4 fo 
A ' . 
- 
* 
* * 4 - 
4 
* 4 * 4 
A = \ 
— * 
1 
0 . 
* * N 
AL 
KK 
= 4 " 
* . 
* i» 
* - 
” 
PAs 
/ e400" > 
— 
F * 
nod - 
„ 
- 
* * 
. * z 
* - 
1 PE s . a * 
5 - 
= 
* . 
* 
. * 
* p a 
* f 
4 
" 
? * 
* 
— - * 
4 * 
4 
4 = 
* 
; - 
* 
. SS 
* 
8 
5 
PR 
= 
. 
- 
* 
— 
- 
7 
— OY 2 ** 
— — * — 


Val. 


Trans. 


P, 


—— — 


—— — 


— — 


8——— 


o 
— 


rer 


1 


I P oof p q 1 9 * * y : = Th F = N E y 
= . 2 * * a” iN mw * at hes, Deans TE £5 A \ 0 
4 3 * n ny * * * 563 * * "n # wes * , 2 % þ "= 4 AY . + N 1 N 9 "7 "I b * . A 4 AF: 1% * * 
; a 83%: * _ Ts r * . 7 r n 
9 n — e "vj L | N E 
"8 h * „ 
= b I S N 
__ as” * 5 9 0 
mm _ 8 . vo 1 858 | N Te 18 
„„ | A 'N - 4 © , o 1 
N 4 3 = N 4 9 . 5 3 ** 1 nl 4 * * 6 * ** * : 
_-— — * 4 8 5 Sb 222 a? 
= | » : I» Af 5 CE 4.4 6 SE ©; * 0 1 * * 
3 .< 1 4 * * . by ; ( 7 
* 0 4 - \ a * 
+ 7 4 17 . * „ 9 * * cv a *6 - 1 
1 | 5 Py N don 10: tt Sd: ven F ee e. 
Ke ** 10; ae "300 38 Vein dan 
72 A 1 ES * * | | * 3 N ; 2 a L 0 * * j 
» * * * 7 * = # 
l 1 | 3% 47 > , , © * * 7 ; | 8 
r 75 * IO 1, 7 6 1 1 2 7 ane 3 n | 
* ; \ | | | rs : | | 
* . > 19 * F * * o ; . ' 
1 «x ac { ” * — by 
er 9 5 TY » L845 * Es 1 * 
4 


Particulers —ů ＋ 15 ho Nati ature nt c ow of the I Indians 
200 oof North-America. By Mr. Richard Me. Cauſland, Surgeon 
+. to the King's or Eighth. rt 7 Baut. Ce mee ” 
12 Joſeph Plants, 2 Le. * S. 


1 _ bu | 
prog” oer „ter | f 
J f 7 5 Ld 2 1 * 1 1 
T5 1 3 # } 3 of w kak 4 & * : 27 7 ” , 1 - * ud. " * . 4. * \ 4 | £ ' . &# 4% * 3 ; . 
. ; * * / | | 
4 „ * : „ . 


25 
* 
* 
* 
* 
4 
. 
e- 
# 
— 
- 
4 
„ 
. 
* 


4a 


a 
4 tf, - 


* 


| Ile. +4 


— 
3 


1 — af America Affered from other tka of the 
human ſpecies, in the want of one very characteriſtic mark of 
the ſex, to wit, that of a beard. F rom this general obſerya- 5 


tion, the Eſquimaux haye. been excepted; and hence it has 
been ſuppoſed, 1 that they bad an origin different from that of 


the other natiyes of America. Inferences have alſo been drawn, 
not. only with. reſpect to the. origin, but even relative t to the 
conformation of Indians, as if this was in its nature more 
imperfect than that of the reſt of mankind. . 5 . 

It appears ſomewhat ſingular that authors, in : deducing the 
origin both of the Eſquimaux and of the other Indians of 
America from the old world, ſhould never have explained to us 
how the former came to retain t their beards, and the latter to 
lay, them aſide. . To, aſcertain the authenticity of this p oint 
may perhaps prove of little real utility to mankind ; but the 
fingularity of the fact certainly claims the attention of the 
curious: f and as ĩt is impoſlible, 1 to fix any limits to the infe- 
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BS. - rences 8 may at one time or another be drawn Ps J 
alledged facts, it muſt always be of conſequence to inquire 
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into the authenticity of thoſe e wow little 
beer they any at preſent appear." ©. Oy 


ES - will. not by any racatis take vpn me per these are not 
matious of Ametica deſtitute of boards; but ten yeàrs reſidence at 


Ni: lagara, in the midſt of the Six -Nations (with Grequent oppdrtu- 
ities of ſeeing other nations of Indians) has convinced me, hs 


they do not differ from the reſt of men, in this particular, more 


+ than one European differs from another: and as this imperfeCtion 


has been attributed to the Indians of North-America, equally 
an thoſe of the reſt of the Continent, Tam much inclined to 


hink, That this {Mecrion 1 is as. vol! * foundation 2 0 otie "region | 


as it is inthe other. 
All the Indians 81 — 


_ 1 N * 1 


ese A ey final 
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number, Who, fromm living among white peuple, habe. adopted 
their cuſtoms s) pluck out the lars of the beard 3 ant as they 


Ba this from its firſt appearante, it -muft naturally be fup- 


| Þoled, that to a ſuperficial” obferver their faves will Neem 
| ſmooth and beardleſs. As further proof that they Have beards, 


we may 'obſerve, fi 
purpoſe of plucking them out. *Secontly,” that when they 
neglect this for any time, ſeveral hairs ſprout 1 up, and are feen 


upon the chin and face. "Thirdly, that many Indians allow 


tufts. of hair to: grow upon their chins or upper Hips, refembling 


thoſe we ſee in different nations of the old world. Fourthly, 


that Several of the Mohocks, Delawares, and others, who 
live amongft white people, ſometimes ſhave with razors, -arid 


ſometimes pluck their beards out. Theſe are facts which are 


motoxious amongſt the Army, Indian-Traders, &c. ; and which 
55 are 


ſt, that they a have an inftrument for the 


Rint in that pars of the — — er 


ſport 
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one, and as the authors who have maintained the contrary opi- 


nion are too reſpectable to be doubted upon light grounds, 1 


by no means intend to reſt the proofs upon what has been laid, 
or upon my ſingle afſertion. 3 

T have provided myſelf with two authorities, which I ap- 
prehend may in this caſe be deciſive. One is Colonel Burt. er, 
airs, well known in the 
hte American war, whoſe great and extenſive influence amon gft 
the Six-Nations could not have been acquired by any thing leſs 


than his long and intimate knowledge of them and their lan- 
guage, The other authority is that of THAYENDANEG A, com- 
monly known by the name of Captain Josxru BaaxT, a Mo- 
hock Indian of great influence, and much ſpoken of in the 
late war. He was in England in 1775, and writes and ſpeaks 
the Engliſh language with tolerable aceuracy.. I. ſhalb there- 


fore only ſubjoin their opinions upon this matter,. the originals- 
of which 1 have under their own. ſignatures. 


Colonel BuTLER's.. 


THE men of the Six-Nation Indians have all beards natu- : 


rally, as have all the other nations of North-America which FE 
have had an opportunity of ſeeing. Several of the Mohocks 
ſhave with razors, as do likewiſe many of the Panees who are 


kept as ſlaves by the Europeans. But in general the Indians- 
pluck out the beard by the roots from its earlieſt appearance; 
and as- their faces are therefore ſmooth, it has been ſuppoſed 


that they were deſtitute of beards, Lam even of opinion, that 


if; 


7 1 
the leaſt converſant with Indians: but as it is difficult to tran- 
a matter of belief from/ one country to another diſtant 
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f THE men of ink n bare al beards *y natüe N 
as have Hkewiſe all other Indian nations of North Ameriea 


which T have ſeen. Some Indians allow a part 'of the beard 


I 


Gd 
Jos. BRANT THAYENDANEGA. 


Niagara April I9, 1783. * 


Upon this ſubject I ſhall only Farther obſerve, that it has 
been ſuppoſed by ſome, that this appearance of beard on 

Indians ariſes only from a mixture of European blood; and that 
an Indian of pure race is intirely deſtitute of it. But the na- 
tions, amongſt whom this circumſtance can have any influence, 
bear ſo ſmall a proportion to the multitude who are unaffected 
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upon the chin and upper bp to grow, and a few of the Mo- - 
| hocks ſhave with razors in the fame manner as Europeans; 2 
but the generality pluck out the hairs of the beard by the roots 
as ſoon as they begin to appear; ; and as they continue this prac- _ 
tice all their lives, they appear to have no beard, or at moſt 
ouly a few ſtraggling hairs which they have neglected to pluck 
Jam however of opinion, that if the Indians were 8 
2. they would never have beards altogether fo thick as the 
Europeans ; and there are ſome to be met t with who have 


| actually very little beard. _ e : —_— 
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1 Lihall ae Gabjcin a four — des to the Indjaps 


| al the Stx-Nations, which, as they ſeem not to be well un- 
derftoed even in America, are probably ſtill leſs known in 
Europe. My authorities upon this fubject, as well as upon 
the former, are * Indian > Captain WANT: and Colonel 
Bo rren. 
Each nation is „ Aike wall wil apr 3 
; gd; of which are called * 2 the Wolf- tribe, 


my 


and the Bear- tribe. 


Each tribe has two, three, or more chiefs, called dens 
and this diſtinction is always hereditary in the family, but de- 
ſcends along the female line: for inſtance, if a chief dies, one 
of his ſiſter s ſons, or one of his own brothers, will be ap- 
pointed to ſucceed him. Among theſe no preference is given 
to proximity or /primogeniture:; but the Sachem, during his 


c, pitches upon one whom he ſuppoſes to have more 


& abilities than the-reft 3. and in this choice he frequently, though 
| not always, conſults the principal men of the tribe. If the 
ſucceſſor happens to be a child, the offices of the poſt are per- 
formed by ſome of his friends until he is of ſufficient age to act 
himſelf. 


Each of theſe poſts of Sachem — a name ae is edn: 


do it, and which never changes, as it is always adopted by the 
 ſucceflor; nor does the order of precedency of each of theſe names 
or titles ever vary. Nevertheleſs, any Sachem, by abilities and. 85 


activity, may acquire greater power and influence in the nation 
Vol. LXXVI. Wh than 
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„ give up the management of public affairs into the hands 
of the warriors, It may however ſo happen, that a Sachem 


the Six-Nations. An Indian has therefore generally one or more 
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his is a — Fay — with bim. 1 Yn 
Each tribe has one or two chief warriors; © — Sp 7 3 
\allo hereditary, and has a peculiar name attached to t. 
| Theſe are the only titles of diſtinction which are fixed and 
_- permanent i in the nation; for: although any Indian may by. ſy- 
perior talents, either as a counſellor or as a warrior, acquize 
'Influetice in the nation, r ack is not in b nn to 1 | 
n to his family. 7 | 
The Indians ley at * Great ies; as Wot e as | thei 2 
Pon Men, to whoſe opinions they pay great deferenee; and | 
this diſtinction is alſo hereditary in families. They do not ſt 
in A with the 3 but haue enen ones ef thei 1 


When war is declared, the Sacherns and dl Woes has 


may at the fame time be alſo a chief warrior. 

Friendthips ſeem to have been inſtituted. wich a view | 
ronnnds ſtrengthening the union between the ſeveral nations 
of the confederacy ; and hence Friends are called the finews of 


friends in each nation. Beſides the attachment which ſubfiſts 
during the life-time of the two friends, whenever one of 
them happens to be killed, it is incumbent on the ſurvivor to 
replace him, by preſenting to his family either a ſcalp, a pri- 
- foner, or a belt confiſting of ſome thouſands of wampum; 
and this ceremony 1s performed by every friend of the deceaſed. 
The purpoſe and foundation of war parties therefore, is in 
general, to procure a priſoner or ſcalp to replace the friend or 
relation of the Indian who is the head of the party. An In- 
| dian 
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Gan who wiſhes to replace a friend or relation preſents à belt 
to his acquaintanee, and as many as chuſe to follow him accept 
this belt; and become his party. After this, it is of no conſe- 
quence" whether he goes on the ition or remains at home 
6 it'often happens that he is à child), he is ſtill conſidered as 
the head of the party. The belt he preſented to his party is 
returned fixed to the ſcalp or priſoner, and paſſes along with 
them to the friends of the perſon he replaces. Hence it hap - 
pens, that a war party, retufning with more ſcalps or priſoners 
intention of the party required, will often 
theſe ſupernumetary f nel 


than the 
eue o one of . alps or priſoners to another 
out; upon which 


war party whom they meet going out; u 
ition, will ſometimes 
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2 — ftr of December, 1784, broke early i in January, 
_ all gone before the middle, and the moſt open part of 
this ſharp winter followed it, being miſty or thick and warm 
jon wet air; but the laſt day of January another froſtſet in, 
which. though ndt ſo ſteady as the former, was ſornstimes 
very ſevere i and did not go away till near the middle of March: 
and this winter, particularly the; former froſt about December 5 
10, was much ſeverer in the ſouth of England than here, aud 
greater figns of deſtructien by it were ſeep among the trees 
aud plants there. From the breaking of the froſt till, April 4, 
ns chiefly: froſty mornings, and ſotnetimes: in the ſhade, all 


know that any winter had more, though E have known ſeveral 
longer froſts, and more ſteady, aid ſome: few more fevers... = 
From April 5, the weather began to mend, was wolerably: ” 
_ pleaſant, and things came on gradually :; yet not without ſome. 
froſty mornings, even in May. The ſeed time began late, but 
was without hindrance; and there having been very little rain 
ſince the froſt, it harrowed remarkably fine, and the lands and 
roads were uncommonly duſty. The corn came up very well, 
except the late ſown, ſome of which, eſpecially i in the ſouth of 
England, lay dry till June; for it continued a remarkably dex 
time all ſpring, ſo that the graſs was very ſhort, and hay very 
5 0 4 ah the Wen continued a fine-coloured, and 


- in. May. 54. 3 hich. were . to Kelten 2 
though not to make much graſs : : and during this drought there 
were e e of little whirlwinds, ſometimes ſeveral ; in. | 
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day; ſo that, if you count the number of froſty days, I do not 
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ſeveral t rains; and after Auguſt 3d it was more frequent. 

: ' 0 s 1229 29 


| pected. | The wheat was remarkably full-eared. - The barley / 
good; except the late ſown, which never ripened; and ſome 


rather early this year: almoſt all the Swifts were gone in July, 


near the middle of October; 


nd _— ſhow at Then; hich F —é the _ 


only 163 inches in a year; yet they were not all complained of 
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The weather begin to be er the middle 6 


but leſs at a time. This made plenty of good graſs,” but was! 
very troubleſome for the | harveſt,” which was got in flowly, 
and with loſs, but came out again full as well as could be ex- 


too haſtily carried in harveſt. | The birds of paſſage went away: 
and moſt-of the Swallows and Martins in September; the laſt 
were Auguſt 7, and October 12. It continued very ſhowery till 
after which the autumn was 
pretty ſine, and leſs wet than before, yet enough to make it 
very dirty when the ſun loſt its power in December; and * 
winter began for the moſt part open and pleaſant, till a froſt 


.. On ine Fawn of Seaſons, -_ 


"Meaſuring the rain for a few years will not ſhew completely 
the general quantity of rain which falls in any place; for there 
is a very great difference at different periods of time. If I 
had meaſured the rain at Lyndon only in the four years 1740, 
1741, 1742, 1743 the mean would have been found to be 


as 1 ſummers. 1740 was cold and dry till July 30. The 
_ os 


- 4 


%* 


Ling: 1741: was, cold andialey; 4 the: —— hot, * 

burning till the beginning of September; then ten days wet 
zand very warm again, being the fineſt autumn for graſs ever 
„Known. 1742 was a ſhowery ſummer, and 1743 wet in the 
middle; but then the winters were dry, ſo that the quantity af 
rain upon the whole was ſmall. 1741 to 1750 the mean was 
184 inches. 1741 and 1750 were hot, dry, and burning; 
17 50 being the hotteſt year I have known. 'The intermediate 
years were neither very wet nor very dry; and this was the 
moſt plentiful and cheapeſt time for corn of any ten years [ 
remember; for grain oftener fails in England from too much 
wet than too little. 1751 to 1760 the mean year was 222. 
1760 was hot, dry, and burning ; but ſeveral of the fummers 
were wet, and the crops not ſo plentiful. Three wet ſum- 
mers together, 1754, 1755. and 1756. yvere a time of ſcarcity, 
and we have had more failing crops fince that time than before 
it. From 1761 to 1776 -there was. 434, in a year. 1762 was 
hot, dry, and burning; and 1765 cold and dry ; but ſeveral 
years were wet, 1763 and 1768 reviatkably ſo; and of thoſe 
ten years ſeveral had- failing crops, and ſome bad great ſnows. 
There was a great change « of. the ſeaſons” at 176 33 for 1 have 
had more rain ſince that time than I: had before it in the pro- 
portion of 5 to 4. From 17701780 there was at a mean 
26 inches. 1771 was dry, and 1778 and 1779 were hot, yet 
not without fits of rain; and moſt of the other years were 
wet, and ſome great ſnows. 1773, 1774, and 1775, were ſo 
wet that there came 32 inches in a year, which is nearly dou- 
ble what there was from 1740 to 1743. In twelve months, 
from October 1773, to September 1774, there came 39,390 
inches of rain, which is nearly a Lancaſhire year. And in 
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in barley and peaſe — and for three weeks togeth 
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_ 18. . — Bigerimint — way Ms. John ** Naby 
n Henley Houſe, Hudfon's Bay, relating to r a. 
"Parts. By Henry Cavendith, 1 * = 


Read February 23, ; 1986. 


N. my- r * on Mr. Horcnine's Luperimentl, 
printed 1 in the LXXIIId volume of the Philoſophical Tran- 
factions, I gave my opinion concerning the cauſe of the cold 
| produced by mixing ſnow with different liquors. As there 
| were ſome circumſtances, however, which ſeemed to form a 
difficulty in the way of this opinion, I was deſirous of baving 
further experiments made on the ſabje&;, and at the fame 
time I thought that, hy proper management. a greater 
degree of cold might be produced than had hitherto been 
done. On mentioning the experiments. 1 wiſhed to have | 
made to Mr. HvrTcains, he very obligingly -defired Mr, 
M. Nas, Maſter at Henley - Houſe, to try them; who was ſo 
good as to undertake the buſineſs, and has executed it in the 
moſt ſatisfactory manner; as he has not only taken great pains, 
but has ſhewn the utmoſt attention and accuracy, in obſerving 
and relating all the phenomena which occurred, and has mani- 
feſted great judgement in frequently adapting the manner of 
trying the experiments to appearances which occurred in for- 
mer ones, to which we are indebted for great part of the moſt 
curious facts in this paper. His endeavours have alſo been 
attended with much ſucceſs, as he has not only ſhewn many 
remarkable circumſtances relating to the freezing of the nitrous 
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26 Me: — A duni F 
1 * vitciolic acids, and the phænomena of — — 
* but has alſo produced * of * greatly pts to * | 
before oe . 2 
7 1. In the ae cl 1 faid, chat ths cold hos 
duced by mixing ſpirit of nitre with yon s owing to the 
1 melting of the ſnow; and that i in all probability there is a 
"Certain degree of cold, in which ſpirit of nitre is ſo far from 
diſſolving ſnow, that it will yield out part of its own water, 
|, and ſuffer that to freeze, as is the caſe with ſolutions of com- 
| mon falt; fo that if * cold of the materials, before: mixing; 
is equal to this, no additional cold can be produced. A citr- 
cumſtance, n which at firſt ſight ſeems repugnant to 
this opinion, occurred i in an experiment of FAHRENHEIT". for | 
producing cold by a mixture of ſpirit of nitre and ice; namely, 
chat the acid, which had been repeatedly cooled by different fri- 
gorißc mixtures, ' was found frozen before it was mixed with 


the ice; notwithſtanding which, cold was produced by the mix- « 
ture. Profeſſor Bx Aux alſo found, that cold was produced by ” 
mixing frozen. ſpirit of nitre with ſnow. On conſideration, 0 
however, this appeared by.no means inconſiſtent with the Opi- « 


nion there laid down, as there was great reaſon to think, that 
the freezing of the acid was of a different kind from that con- 
fidered in the above-mentioned Paper, and that it did not pro- 


ceed from the watery part ſeparating from the reſt and freez» 


ing; but that the whole acid, or perhaps the more concentrated « 
part, froze; in which caſe it would not be extanpedinary that « 
the acid ſhould diſſolve more ſnow, and produce eold.. 40 
2. To clear up this point, I ſent to Hudſon's Bay a bottle of 6 
fpirit of nitre, of nearly the ſame ſtrength as FaurenueT's; 66 


and defired Mr. M*-Nas to expoſe it to the cold, and, if it 
froze, to aſcertain the temperature, and decaut the fluid part into 
128 3 5 another 


8 nent: anne men * 

other dane nd Nad both home to be examined, ni 
would thereby de known, whether it was the whole acid, or 
E is watery part, which froze, - For the ſame purpoſe alſol 
ſent ſome dephlogiſticated ſpirit of nitre of the fame ſtrength, ' 
and alfo ſome ſtrong ol of vitriol. I alſo ſent ſome ſpirit of 
nitre and ſpirit of wine, both diluted with ſo much water, that 
it was expected, that with the cold of Hudſon's Bay they 
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Would ſuffer the firſt kind of congelation; that is, their wa- 


tery part would freeze, and thereby make the difference between 
the two kinds of freezing more apparent. | 
3. In the ſame Paper I fay,”** That on adding fr, gra- 
« dually to ſome of the ſpirit of nitre uſed by Mr. Hurcnixs, 
J found, that the addition of a ſmall quantity produced heat 
« inſtead of cold; and it was not until ſo much was added as to 
« increaſe the heat from 280 to 519 that the addition of more 
« ſhow began to produce cold; the quantity of ſnow required 
« for this purpoſe being pretty exactly one quarter of the 
. weight of the ſpirit of nitre, and the heat of the ſnow and 
«air of the room, as well as the acid, being 28%. The reaſon” 
«of this is, that a great deal of heat is produced by mixing 
4 water with ſpirit of nitre, and the ſtronger the ſpirit is, the 
« preater is the heat produced. Now it appears from this 
experiment, that before the acid was diluted, the heat 
produced by its union with the water formed from the melted 
ſnom was greater than the cold produced by the melting of 
«the ſnow; and it was not till it was diluted by the addition 
of one quarter of its weight of that ſubſtance, , that the cold 
generated by the latter cauſe began to exceed the heat gene- 
rated by the former. From what has been ſaid, it is evi- 
« dent, that the cold of a freezing mixture, made with the 


* undiluted acid, cannot be quite ſo great as that made with 
Ji „ 
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| | ac there is no reaſon to think, that the event-will be. different if 
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— a diluted wich 4 e Wers might of water,.. 
«. fappoſing the acid and ſuow to be both. at 289 off hem; and 


they ate. colder 3 for the undiluted, acid will, not begin ta 
. generate cold, until fo much ſnow is diſſalxed as to inereaſe 
„itt beat from 28 to 515, ſo that no greater cold will be 
e Produeed. than would be obtained/ by mixing the diluted acid 
'«« heated to 51 with ſnow of the heat of 295. This method, 
of adding ſnow gradually to an acid, is much the beſt way 
4 know of finding what ſtrength 1 it ought to be * in n 
to produce the greateſt effect poſſible. ach bs 
As it ſeerned likely that, by folle wir e a greater 
e cold might be produced than had been done hitherto, 
| Lſentitliree other bottles of ſpirit of nitre and ail of vitriol, all 
dhree diluted, but not ſo much ſo, but that I thought they 
— require a little further dilution, in order to reduce them 
o their propereſt degree of ſength. I alſo ſent. a bottle of 
wagbly gectifed ſpinit bf wine, and a mixture of equal quanti- 
ties of the above · mentiontd common ſpirit of nitre and oi]: oß 
vVitriol 3 and defired Mr. M* Nas! to, find what degree of cold 
could be produeed by mixing them with ſnqw, after having 
firſt reduced them, in the W nner, n cheir belt 
degree of ſtrength . # id 31 51 
Ie was: alſo defired to aſcertaim how ond, hos hy els 
8 for as their ſtrength was determined before they were ſeat out, 
it would thereby be known what was. the beſt Mong of Shes 
| TN <a 13 TO 1 37 


1. This might have been done at home; but 1 thought it not ; unlikely that the 


fr ength found this way might differ, in ſome n according to the heat in 
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Alt theſe hottles were numbered with a diamond ; 3 and as I 

"ll ſometimes diſtinguiſh them, by theſe numbers, and as it 
way be of uſe to thoſe who may conſult the original, 1 have 
added * ee lift of theſe bottles, with their eaten, | 


| anc diſſolve, 50 0 heat. 
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„ 3 „ 2 * | 7 14371 | 
27 | Dephlogiſticated ſpirit of nitre, <0 11,4040 
103 "Diluted oil of vit riot. 5 1 3889 : 


„28 Equal weights of N* 168. and N* 20H. » 


CW Fg! kughly redtified YER. wine, 1 ws FF, - ' Figs. | 
| Liquors mentioned in Art, 2. a 
14 Strong oil of vitriol, £5 1 . r x + 18437 


1421 Spirit of nitre, 2 » 0. 325 
Some of the ſame diluted with twice its weight } 2 Js TOOLS. 

"ue; . 4 of water, 33 * 1 « = al {@ 910 5 OP 10 * 1 1 ' 18 | 

41 | Depblogiſticated ſpirit of nitre, 7 | 


TY Some of the ſame ſpirit of M as in * O 8. * Ir 
To þ diluted with 14 its of water, 57 
t 572 Dituteddoll ot ritriortor comparin anlass al * PM 


171 Oil of; yitriol of abont the uk e but the 
1 th not known, 1 to 1 


exact ſtren — 4 
——.— 7 '? 4 2 7 1 F 
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4 e - Profeſſor — ** er ; —— pe Re” * 
ſpirit of nitre he ſunk thermometers filled with oil of ſaflafras, 
and ſome other eſſential oils, to - 100% or — 1245: and that, by 
the ſame means, he ſunk thermometers filled with the higheſt 

 retified ſpirit of wine to — 148˙. Though there ſeemed great 
reaſon to think, from Mr. Hurchixs s experiments, that there 
muſt be ſome miſtake in this; yet, as it. was poſſible that the 
eſſential oils, and even ſpirit of wine of a ſtrength much different 
from that with which Mr. Hurchixs's thermometers were 
filled, might follow a conſiderably different progreſſion in their 

contraction 


4 1 3 f 


EE the e 


: mercurial thermometer, accu rately adjuſted, according to the 


- the” LXVII ch volume of the Tranfactions; and alſo the two 
9 ſpirit thermometers: uſed by Mr. HuTcnins, which were filled 
with ſpirits whoſe ſpecific gravity | was 8247. 


| would moſt likely dear any degree of cold without freezin g. 'F 


globule, ſuch as thoſe which appear in frozen oil, was oh- 
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ö e by great degrees of; cold, 1 fe 2 "therttiomieter 


filled with oil of ſaffafras, and two others with ſpirits of wine. 
One of theſe laſt was filled with the higheſt reQified ſpi pirits 1 
could procure, its ſpecific gravity at. 60 of heat being, 8 8 5; 

her was intended to be filled with common ſpirits, though 
from circumſtances I am inclined to ſuſpect that alſo to have | 
been filled with the beſt ſpirits. Befides theſe, there was ſent a 


9 


irections of the Committee of the. Royal Society, printed in 


4 


e 


1 Theſe thermometers Were compared — by expoling 


them to the cold, with their balls immerſed in a glaſs veſſel 


filled with diluted oil of vitriol. They were at times alſo com- 
pared i in cold more violent than the natural cold of the climate, 
by adding 8 ſnow to the acid in which they were tried, in which 


caſe Care Was taken to keep the mixture frequently ſtirred. Oil 


of vitriol was recomtnended for this purpoſe, as a fluid which 


and whoſe natural cold might be much increaſed by the addition 
of ſnow. It ſeems to have anſwered the purpoſe very 2 
and not to have been attended with any inconvenience. 
During the firſt compariſon of theſe thermometers, a whitiſh 


ſerved in the tube of the thermometer filled with oil of ſaſſa- 
fras. This appearance of congelation did not much increaſe ; 


but two days after a large air bubble was found in its ball, 


which prevented Mr. M NAB from — further * = 
tions with 1 it. 
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| * 
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N Pe I. iments on freeing. Mixtures. "3K 247 
2 is. well. wins, that ſpirit, of wine, expands more by a 
given; nu mber of degrees of a mercurial thermometer in warm 
1 than i in cold ones; and this inequality, as might 
be expected, was leſs in the ſtronger ſpirit than in the weaker, 
but the difference was inconſiderable. The oil of ſafſafras alſo 
had ſome of this inequality, but much leſs. It however ap- 
pears to be by no means a proper fluid for filling thermometers 
with. No appearance was obſerved which indicates any conſi- 
derable irregularity 1 in the contraction of ſpirits of wine in in- 
tenſe cold, or which renders it probable, that thermometers 
filled therewith could be ſunk by a mixture of ſnow and ſpirit 
of nitre to a degree near * gt to that mentioned by 

Profeſſor BRAUN. W 
6. Mr. M NAB in his experiments ſometimes uſed one 

thermometer and Finn another ; but in the following 
pages 1 have reduced all the obſervations to the ſame ſtandard; 7 
namely, in degrees of cold leſs than that of freezing mercury 
1 have ſet down that degree which would have been ſhewn by 
the mercurial thermometer in the ſame circumſtances ; but as 
that could not have been done in greater degrees of cold, as the 
mercurial thermometer. then becomes of no uſe, I found how 
much lower the mercurial thermometer ſtood at its freezing 
point,- than each of the ſpirit thermometers, and increaſed the . 
cold ſhewn by the latter by * at Gifference. 


On the common and dephlog: icated Acids of Nire.. 


The following experiments ſhew, that both theſe 2 are 
capable of a kind of con gelation, in which the whole, and not 
merely the watery part, freezes. Their freezing point alſo 
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ag actording to the Ralph, 1 ald Farite 1 
law. Like water too they Weir M 
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eezing point before the con ge- 
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5 wa very LN, 
cooled very much below their freez 


5 lation begins, and as ſoon as that takes =. NY riſe 


up to the freezing point PETTY 
J. On the morning of Feb. 1. "Gr common E dephlo= 


onſticated ſpirits F nitre, N' 142 and 141, whoſe ſpecific gra- 
vities were 1,4043 and I 403 3» were found clear and fluid, 
the cold of the air at that time being - = 47% They alfo bore 
being ſhook without any alteration ; 3 but on taking out their 
toppers, both of them in a few minutes began to freeze, the 
congelation beginning by a white appearance at top, which 
gradually ſpread to the bottom; and they became 16 thick as 
not to move on inclining the Phial. For want of a thermo- 
meter whoſe ball reached far enough below its ſcale, Mr. 
NM. Nas was not able to determine their cold white in the 
bottle; but i in ſomewhat more than an hour's time, the frozen 
A cid had ſo much ſubſided as to admit of his pouring a little 
fluid matter out of each into a glaſs with a thermometer i in 
it * whereby the cold of the common ſpirit of nitre was 
fond to be 31% K and that of the dephlogifticated acid = — 30, 
the temperature. of the air being — 41*. Each of thefe de- 
eanted liquors, at the time their temperature was tried, was 
full of ſmall Hicula of ice: they were then put into phials 
well ſtopped, and they, as well as the undecanted liquors, ſent 
home to be examined. The decanted part of the common 


4 ft may be aſked, why it was more poſſible to-decant any liquor at this time 
than at firſt, as the acid was all the while expoſed to a cold much below the 


freezing point? The reaſon in all probability is, not that any part of the ice firſt 
formed diſſolved, but that the ſmall filaments into which it ſhot collected toge· 


ther, and in ſome meaſure ſubſided to the n. 
I 77 ſpirit 
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_ 8 . 
1 nitre diſſolved 5838 of its weiglit of marble, and the 
 uinddeanted part 5323 for which reaſon I ſhall call the ſtrength 
ofthe former 5535, and that of the latter, 5233 which mode of 
reckoning is obſerved in the remainder of this Paper. The 
ſtrength of the decanted part of the dephlogiſticated acid was. 
56, and that of the undecanted part ,528; ſo that it appears 
that in each of theſe acids the unfrozen part was a little 
ſuonger than the frozen part. It is remarkable, that in the 
common ſpirit: af nitre, the decanted part, though e 
than the other, was paler coloured and leſs fuming. 

8. On Dec. 2r, the temperature of the air being. 28", c 
fime dephlogiſticated ſpirit of nitre (N' 27.) of nearly the 
ſame ſtrength as the former acid, was poured into a jar, in 
order to be diluted with ſnow; as recommended in Art. 2. Im- 
mediately aſter ĩt was decanted, it began to freeze, in the ſame 
manner as before. deſeribed, except that a leſs portion of it 
ſcems to have congealed: its temperature, tried by dipping, 3 
thermometer into it, was 197, where it remained ſtationary 
for many minutes; it was then diluted with ſnow, as will, be 
mentioned in Art. 14. whereby its en was, rede. to 
434. 1 

9. ou Dec. lnb this diluted acid was mighty pron 
and half of it poured into a Jar with a ground ſtopper, and 
both portions expoſed to the air. In the morning they were 
perfectly fluid; but on taking the ſtopper out of the jar, 
and dipping in it a thermometer, the acid immediately froze, 
beginning by forming a white coat round the ball of the ther- 
mometer, which gradually ſpread through the whole fluid; 
and at the ſame time the thermometer roſe till it ſtood ſtatio; 
nary at — 5%. The cold of the acid before it began to freeze 
muſt have been about — 39*F, that being the temperature of a 
Vo. LXXVI. EE glaſs 
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—_ half of the acid; w 


A —— 15 _ I» 
. of vitriolic deidd ſtanding near it ee nee 
Which was dipped into it was five or fix degrees colder, which 
2 ſeems to be the e * 5 * ne round: the 
* in 10. ant 11 0 Panos 357 
= the Read a theomoincter was 3 into the othet 
where, as the weather had grown leſs. cold, 
it ſtood above a minute at - 25% without freezing 3 then, how+ 
| ever, the acid froze, with the ſame appearance as in the morn- 
ing and at the fame time LO! W roſe to 1 3 and 
became ſtationary. BR pant 
T his acid, being le left i in ; the air b the n! in it, 
was found'in the evening at = 45*; it however was not intirely 
frozen, being only thick as an unguent, which ſhews that the 
unfroꝛen part muſt-have been of a different ſtrength from the 
frozen part; but it does not appear whether ſtronger or weaker. : 
The riext- morning: it was n An Gorges boy cold. was: 
y half a. degree greater. 110 effi 
On Jan. 16th; this acid was again medi in 1 "__ manner; 
it then ſuffered a thermometer, whoſe ball had been previouſſy 
warmed- in tlie Rand, to be dipped into it, and remain there 
ſeveral minutes without freezing, though its temperature was 
35f. But on liſting up the thermometer, a drop fell from its 
ball into the acid; bara were ſet it a —— and 
: it roſe up ta 4%. 4 
10. On Dec. '22d, ike: ſpirit of nitre Ge 168.) which. a 
few days before had- been diluted with ſnow, ſo as to be re- 
duced to the ſtrength of 41 1, was divided into two equal parts, 
and expoſed to the cold. - On Dec. 29th, when the temperature 
of the air was — 17%; one of theſe parts was found beginning 
to freeze; the other was fluid, but began to freeze on dipping 
in a thermometer; the thermometer in both kept ſtationary at 
1 GO 15. 
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132 1 1 2 
e latter was twice re melted and expoſed to the 5 


ct 


out the ſame as before. . 0 
11. The white colour of the i ice | in theſe ieee e : 
owing. only to its conſiſting of very ſlender filaments ; for in 

ſome caſes, where it froze flower, and where, in conſequence, 
it thot into larger ſolid maſſes, they were tranſparent, and of 
the ſame colour as the acid itſelf. - By the continuance of a. 
ſufficient cold, the acid, which by haſty freezing put on the 
white appearance, would become hard ſolid ice, but yet ſtill 
retained its white appearance, owing perhaps to the filaments 


which froze afferwards, and filled up the interſtices. 


minute filaments or ſolid maſſes, ſtill, whenever there was a 
ſufficient quantity of fluid matter to admit of it, they con- 
ſtantly ſubſided to the bottom; ; a- proof that the frozen part 
was heavier than the unfrozen. The difference indeed i is ſo 
gteat, that in one caſe where it froze into ſolid cryſtals on the 
| ſurface, theſe cryſtals, when detached by agitation, fell with 
force enough to make a n noiſe gu the bottom of 
Sas. 

| Theſe acids W very much on 9 Sh the 
acid is frozen ſolid, the ſurface, inſtead of being elevated 


In one experiment Mr. M Nas, after a glaſs almoſt full of 
acid was nearly. frozen, filled it to the brim with freſh acid; 

and then, after it was completely frozen, the ſurface was viſi- 
bly depreſſed, with fiſſures one-eighth of an inch broad, ex- 
tending from top to bottom. It is this contraction of the acid 
in freezing which makes the frozen part ſubſide in the fluid 
K k 2 part; 


cold, os both times the e of. the frozen: acid came * 


firſt ſhot conſiſting of an acid differing in ſtrength from that 


In all theſe experiments, whether the ice was formed into . 
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in ridges, like frozen water, is depreſſed and full of cracks. 
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letter con- 
ed of a ſtronger, and * confequently heavier, acid than the 
"former. But ſtill the ſubſidence of the frozen part thews,” that 
* the" ice is not mere water, or even a very dilute acid; vrhich 
indeed was s proved oy rhe" ex amination OE ane gona * 
< home. $945 SO" 154 n, 2H 30 N 
38 156 5 ninth and tenth articles 15s. that Ger the acids 
Rh "Bear being cooled greatly below the freezing point, without 
any congelation taking place, yet as ſoon as they begin to 
freeze they immediately rife up to their freezing point; and 
this point is always very nearly, if not exactly, the ſame in the 
ſame acid; for thoſe acids were frozen and melted again three 
or four times, and were cooled confiderably more below the 
freezing point in one trial than another, and yet as ſoon as 
_ they began to freeze the . immerſed i in renne con- 
ftantly roſe nearly to the ſame point. © 
The quantity which theſe acids will bear vage coole below 
the freezing point, without freezing, is ref able. Tbe 
diluted ſpirit of 1 nitre, whoſe freezing point is — £19, once bore 
being cooled to near — 39®, without freezing, that is, near 37 
degrees below its freezing point. The diluted dephlogiſticated 
ſpirit of nitre, whoſe freezing point is — 5, bore cooling to = 35 
and the dephlogiſticated ſpirit of nitre (141) whoſe true freezing 
5 point is moſt likely — 19 (ee next article} bore being cooled to 
497: perhaps too they might have born to be cooled conſi- 
derably lower without freezing; but how much does not appear. 
It muſt be obſerved, however, that the fame diluted ſpirit 
which at one time bore being cooled to — 39?, at another froze, 
without any apparent cauſe, when its cold was certainly leſs 
than - 30*, and moſt likely not much below - 18. 
Ts | iN 1 aq; 
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"wi hs Seeg point As — — th! _— | 
| frength of the acid. In the luted dephlogiſticated and 


pected, that as this point was determined only by pouring a 


the freezing point appear lower than it really was: but I do 
not think this could be the caſe; for as the decanted liquors 


ſenſibly below their freezing points without freezing; and any 
cold, communicated to them by the air or glaſs, would ſerve 
only to convert. more of them into ice, without ſenſibly in- 
cxeaſing their told : ſo that I think this experiment determines 


- way by which the freezing point was determined in this expe- 
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mon ſpirit of Art. 7. and J, the freezing 1 
ney In the dephlogiſticated and - common ſpirĩit of 


foregoing in ſcarcely ſo great a proportion as that of four to 
three, it ſeemed to be - 30* and — 311. It may indeed be ſuſ- 


ſmall quantity of the acid into a glaſs, at a time when the air 


and glaſs were much colder than the acid, theſe decanted 


liquors might be cooled by the air and glaſs, and thereby make 


were full of ſmall filaments of ice, they could hardly be cooled 


the trye freezing point of their decanted. part ; but it muſt be 
obſerved, that zs the decanted part was rather ſtronger than 
the reſt, it is very poſſible that the Going! point of the unde 
canted part might be conſiderably leſs cold. | . 

A circumſtance which might incline one to chink, that the 


riment is defective is, that the freezing point of the dephlo- 


giſticated acid Ne 25. though nearly of the ſame ſtrength as 
that laſt mentioned, but rather ſtronger, was much leſs low, 


But I have little doubt that the true reaſon 


45 


being only — 199. 


of this is, that in the former acid the ſtrength of the decanted 


part, which is the part whoſe freezing point was tried, was found 


to be at leaſt % greater than that of the whole maſs; whereas 


in 


1 id Ne 1 2 En typ in alb , ern 
8 7 5 ſtronger than e whole maſs} for a N. 27< was cooled only 
_ Keveiy degrees! below the freezing! point, and its temperature 
Nas? tried ſoon-after its beginning to freebe, not much of the 
aid cold have frozen ; whereas the other was cooled - i 5 degrees 
below its freezing point, and was expoſed for an hour or two 
to an air not much leſs cold, in conſequence: of which a eon 
ſiderable: part of the acid muſt have frozen; ſo: that in all pro- 
bability the acid, whoſe freezing point was found to be - go., 
was in e I * ſtronger 2 chat whoſe "Ay "_ 
üs 
"IF this aſoning be ul, the: dens point of theſe acids i is 
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Depblogiſtiestea ſpirit of nitre, whoſe ſtrength = (| 
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Common ſpirit. of nitre, whoſe. ſtrength = | by 


at” P ; 


On the Phenomena feel. on ' mixing Stow with thi Aids. 


1 3. on Dec. 195 ſnow was added to the ſpirit of nitre N? 
168, 28 recommended in Art. 2. The ſnow was put in very 
gradually, and time was taken to find what effect each addition 
had on the thermometer and mixture, before more was added. 
The temperature of the acid before the mixture was 27, and 
each addition of ſnow raiſed the thermometer a little, till it 
roſe to — 1; after which the next addition made it ſink to 2, 


which end that ſufficient ſnow had then been added. The 
quantity 


enen vied was ee exactly. 55 hy 
firength | of. the diluted acid was reduc 


ings its temperature being, in alf probability much above its 
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be acid before the addition of ſnow-had no. 1 of fr freez- = 


the, acid, the; weight of the acid being - 


d 211 


freezing point; et the ſnow - did not appear ppear to diflolve, but . 
formed thin white cakes, which however did not float on” the : 
ſurface, but fell to the bottom, and when broke by. the ſpa⸗ 
tula formed a gritty: ſediment ; . ſo that- it- appears, that theſe . 
cakes are. not fimply. undiflolved. ſaow, but that the adjoining, 


; acid. abſorbed 10 much of the ſnow i in contact with it, as to | 


become diluted ſufficiently to freeze with that degree of cold, 
and then congealed into theſe cakes. . The quantity y of con- 


gealed matter ſeems to A kept increafing, till the end of the. 


experiment. F „ 3 


f , 


14. On. Dec. 21, an experiment was made ! in the fame 
manner with the dephlogifticated ſpicit of nitre No 27. The 
acid began to freeze .i in pouring it into the jar in which the | 
mixture.was to be made, and ſtood ſtationary there at Ig”, as 


related in Art. 6.; fo that the liquor at the beginning of the 


experiment was white and thick, which. made the effect of the 
addition. of the. ſnow. lefs ſenſible. . However, the con gealed h 
matter conſtantly ſubſided to the bottom, and the quantity 
ſeems to have continued increaſing. to the end of the experi- 
ment. The heat of the mixture roſe 3 4 before cold began 8 
to be produced, and the quantity of ſnow added wk of 


that of the acid, ſo that the flrength of the acid was reduced 


to „437 by the dilution. 
A very remarkable circumſtance in this experiment is, that 


the acid, while the ſnow. was | Ang, firſt became of a yel- | 


lowiſh, 


5 aber 
bf 18 * Fa wot ws nfs. 
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days,, — Which tinte the Acid "conſtatitly | kept that colour, 
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25 when by baſty freezing it hot into ſmall filaments, in 
ich. caſe it put on the. white Appearance which theſe acids: 

 affumed under thoſe eircumſtances; * but once that by: 
5 freezing it ſhot ib reariſparenit i ice, this" ice es of 4 


4 


3s difficult to "dba what' this colour thould be 


. 3 Spirit of nitre 15 well Known to aſſume this colo 


when. much phlogitticared and roperly diluted ; but one does 


not Te why i it ſhould become pl logiſticated by the addition of | 


the ſnow, and (hill lefs why the dephlopiſticited acid ſhould 
become more Phlogilticated thereby than the common acid did; 
for though it is not extraordinary, that a proceſs not capable 


| of producin; g any increaſe of phlogiſtication m the commion | 
_ acid, ſhould make this as much phlogifticated as that, yet it is 


. very, extraordinary that it ſhould make it more o. No notice 


= taken of any efferveſcence of | diſcharge of air while it was 


: addition of ſnow produced heat, until it arrived pretty exactly 
at what was found to be the freezing point 'of the diluted: acid; 


= became full of red Fares, * ate uy be oro 


Ranegs which, conidering Mr. Me N AB's rear attention to ſet 


affuming this colour, nor was it obſerved that it became mor 
ſmoking thereby, , Or that the top of the phial i in which it was 


down all the phænomena that occurred, I ſhould think would | 
hardly have been omitted if they had really happened. 
15. It is remarkable, that in both theſe experiments the 


but that as ſoon as it arrived at that point, the addition of 
more faow began to produce cold. This can hardly be owing 
merely 
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more diluted; and it Was before" ſhewu to be much lefs:cold 
than when not diluted; fo thiat there muflibe a certain degien 
of ſtrength, not very differetit frotn that 46 which! theſe abids 
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immediately freeze as would raiſe them up to it 3 and they 


gealed acid would diflolve as would fink therm down to it. 
After they were arrived at this ſtrengti of eaſieſt freezing, the 
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27 follows. Ir will” be erw itt, Art. 16. and 15. that the 
freezing point of theſe acids, when diluted as in che foregoing 
experiments, is tuch leſs cold chan hen they. are conſiderably 


were © reduced by dilution, at which they froeze with! a les 


degree of cold than when they are either Kroner or weakeri 


Now in theſe experiments, che tetnpetature of the liquots bes 
fore dilution was below this Pont of eaſieſt freezing, and a great 
deal of the acid was ift à ſtate of congelation all the time of 


dilution; the confequente of which is, That when they were 


diluted to the ſtrength of eaſieſt freezing,” they would alſo be 
at the heat of eaſieſt freezing; for they cbuld not be! below. 
that point, becauſe, if the- were, {| much of the acid would 


could not be above it, for, if they were, ſo much of the edn- 


addition of i more ſnow would produce cold, unlefs this ſtren gth 


be greater than that at which the addition of A ſmall quantify | 


of ſtiow begins to produce cold; but even were this the cafe, 
heat would not be produced, but the temperature of the acids 
would remain ſtationary until they were ſo much diluted that 
the addition of more ſnow ſhould produce cold. So that, in. 
either caſe, the heut of the acids, at the time that the addition 
of freſh ſnow began to produce cold, muſt be that of eafieſt 
Vol. LXXVI. 1. 1 freezing ; 


- 


Uſe degree of Heat bettls che expetinihnt Hig; d t 
| dbl dert — ſhould coincide with the freei JE 
anſwering to their few flreugelic | The tree tauſe cms t6'be 
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Alftks temperature of the liquot at the beginning of the.gxperi 
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_ ty nearly wirh the, freezing point of theſe acid le . 


Bittev. £4] f 


_ irtle fram the ſtrength of eaſieſt tree 


ing 


ent bad been aboye the point of eaſieſt freezing, none of᷑ the. acid 


Eo] would: have. congealed during the; dilution, and nothing could 


have been learnt from the experiment. relating to the point of ea» 
beſt freezing 1 bot the heat would have kept increaſing, till thy | 
acid-was. diluted. to that degree of ſtrength at which the cold pro; 
used by the difllving of che. ſnow was juſt equal to the heat 

produced by the union of the melted {now with the acid ; 
daſter Which the ad ition of more ſnom would begin to produge 
old. When I recommended this method of finding the beſt 
Krength of ſpirit of nitre for producing. cold, by the addition 
of ſuow, I was not aware of any imnpediment from the free - 
ing of the acid, in which caſe it would have been . a. very pro- 

ber method : but on account of this circpraſtance it can hardly 
: be conſidered as fuch, except when the cold of the acid 4 e 
ting out is Jeſs than that of eaſieſt freezing. ld 

An the dephlogiſticated ſpirit of nitre the freeing 8 
anſwering to the ſtrength of 434, 3, and , 56, were ſaid to 
de - 41, 197, and - 30“; and, the differences of 300 and 
19 from — 474 are to 1 other very nearly in the 
duplicate ratio of 126 and , 096, the differences of the cor - 
reſpanding ſtrengths from ,4343; which, as , 434 is the : ſtrength, 
of eaſieſt freezing, is the proportion that might naturally be 


13 the experiment related in my obſervations on Mr. Hurenixs Experi- 

ments, this ſtrength was rather greater than that of eaſieſt freezing: but whether: 
it is ſo in degrees of cold exceeding that in which my. neee! was tried, does 

not *ppe ar. Re 
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expected, 


abet this and hes kehr Attiele. 5b it wo 1 5719! 1 97 
= -246:0 Aﬀeer "Mr M. Nas” Par cute ef Acids x above: 
ations, he divided each of them into two a be more 
_ whit degtes vf cold could Be ' proi6edt"by>maixlng\themwith 
ſhow.” Ou Jaudary r Sth, he of theſe" parts of rhe comment | 
ſpirit" ef nitre was tried. It was Aut When ehe etperiment 
deten, "though'its eemperatofe, angwelt as chat of the ſhow?” 
e ear on additig! funde it immediately began! to 
freeze; Andi grew thick; and 1 increaſe to 2; but by 
the addttidn of mite ſhow At quickly ſunk Again, and at laſt 
got to 47 N During tl addition of the ſhow; the mitture 
grew thinner7and by: che time iĩt arrived at nearly rhe greateſt 
_ degree" of eold, eonſiſted vinbly of three patts: the lowveſt 
| bert, which ecwfſtedk of freen acid, was white and felt 
gary rhe upper part, whicl occupied about an equal fpace, 
was alfo whireg! [but felt foft;' and *thuſt habe con ſiſted of un 
mlted ſnow i the ther part "which octupied / by much the 
ſialſeſt ſpace; was clear ard fluid; The quantity of n’ 
added ws about er of the weight of ee -arid bonſe- 
quently ite fMengeür wa reduce) 24· SOF a id oval 
Though ſnow was added to the acid in this. xperiment: as! 
long as, and; even longer than, it produced any increaſs of: 
cold, yet ſome days after, on adding more ſhow to the min- 
tre; While it was fluid, and of the temperature of 2 48H, 
the eold was increaſed to — 44 Lñ or 1 degree lower than before. 
Mr. M Na's did ne perceive tlie ſnow to melt, though in; , 
probability ſome — have — „or no wk n n 
been produced. Tt 0959 1297 bar ot i v 
The cauſe of this a ee! in dhe ng es, 


nment- ad cbngealed- part of the acid was „ than:ths, 
92 L 12 £ fluid 
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Bos A eircumſtance occurred i in! 


+ and does not; ſeem to have increaſed during the experiment; --- 3&7} 


Was 542% and che quantity of fhow employed; was ab, 
_ one-cighteddith-of che weight bf then; fo. that the ſtrngtb 


. whole {trerigtb-raias 3175,; was found frozen, ta; terapetature 
being 17. "The fluid part, which was full ef thin flakes of 


| Tops than that of the undecanted part in the proportion 


se thow 1 in A cold: greater than OY yet. 4 
I ad. cogether was Sag; enoyglfta dort in a celd oe degree | | 
eitel, * (8315 9 07 0371 n 12 To a i 5 Dieb 915 Fhonoffrioth 
the laſt experiment; hieb L enn 
nat rat all ſee. the- »eaſon-of 3 namely, à ſmall. Port of The ed 5 
being poured int 2: ſaucer, befage the addition of the ſhow; 1 

was is an hour's. ;tirae changed into lid ies, though the gold; | 
ol the air, at che time the acid vas poured out, wag only - 41%; 


11447: On:Preemberi go, the ther half of the fhna dei had 
been tried im the ſame tnanner i dt che beginning of the cxperi- 
ment nat more than one - uinthiĩ part of the acid Was find; - the 
reſt / ſalid clear ice; its teraperathre wa 34: and that of, 
the ſnwy nearly; the ſame; the greateſt degreg of cold ptodueed 


of the mixture! vas 'The-freezing-pdiat of the acid! thus: 
deutend appears :tq; be about A:; for by the inereaſti of: 
watmth durintz the day · time, moſt of i the congtaled mutter 
diſſolved; but in the evening it begin to freche again, ſo 28 to 
| became: thicher, its tem peratute being then. 46 1 and the 
next): wing it [928 * Joh us; cold being one, degree 
greaters//: | C33 oft 104 MW. D MD bh, 3 25 71 i 13 4.4 1 00 


8, On- December 12, the dibated' ſphit.of mitte W 199+) 


clear! ice,” and was of the conſiſttnee of ſyrup, was, decanted 
into another bottle, and ſent back. Its ſtrength was 4215 and 


„24 to , 16; fo that, as not mne of the undecanted part was 
hiwft 2 8 i . i really 


0 part of the ad ut pO. 
2 — che e, reſta if. not meme rater. . Accordingly, 
during the melting of the yndecantad.part,, the fro 0zen, particles 
fam. at top. Mr, M. Nap added ſnow to a little of, the de- 
 canted liquor, but it did 10e ang PIGS cold 


| was produced. N bd 17 ib? ws 
15)9. From theſe experiments it appears, that Pit of nitre i is 


ſubje& to two kinds of congelation, which we. may 
aqueous and ſpirituous ; as in the firſt it is chiefly;- tf '1 
tirely, the watery part which freezes, and in the Ia 
ſpirit itſelf, Accordingly, when the {pirit;is ecpled to th 
of aqueous congelation, it has no tendency to ifldbve Flow and 
produce cold thereby, but. on the contrary, is diſpoſed to part 
with its own water; whereas its tendency to diſſolde now and 
produce: cold, is by! no means deſtroyed by being cooled to the 

point uf ſpirĩtuqus congelation, or even by being aCually con- 
gealed. When the acid is, exceſhively dilute e the point of 
4] aqueous congelation muſt neceſſarily be very little belaw;thar 
of freezing water; when the ſtrength is ,21,-it 18. ati t H 

n the ſtrength. of 4243s 1 ſeems, from-Art, 165, to be lat | 
4*k- 5 Spins of bitte, of che foregoing degrees of Rrenggh, 
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greater ſtrengths that the: ſpirituous congelation can take place. 
This ſeems to be performed with the leaſt degrez of cold, why 


e. When dhe acid is either ſtronger or weaker, it requires 
a greater degree of cold; and in both caſes the frozen, part, 
ſeems to approach, peajer. to the ſtrength of +4414 than, the 19975 
frozen part ; it certainly does ſo, when the ſtrength, is, greater 
than „411, and there is little doubt but what it does ſo in the 
other caſe. At the ſrcagth, of © 154. the point of ſpirituous- 
0 cougelation. 
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is e lable only to the aqueous cangelation, and it 18 only in 


the, ſtrength. is 411, in which caſe. the freezing, point, ãs aft 
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but froze on putting 
rekited in Art. 7.5 7 1 ein ot toil % teu I 2a 
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db einten 5 * 2 at prog xr 
Kid * cor gelation taker place at'rhat! Point, and 


thite is fitels 
doubt dur that it's of 'thie fpiftubu kind. Ivor * . 
er more at öne view, 1 Have adde the: following 


Bible or the freezing beint of cotton ſpirit ol bite bene 
to different ſtreugths. | boauf O L 
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K dee 
er- rd; 2995w 150/271 dim 
» f the dephlagilicates gut of. 
3 2 det w 4. The avid was fluid be- 
fote the'addition of hs (now, and of the temperature of 30% 

atting in the thermometer, and jou to . L. a 


od: at ad 


In a. — nal; acid was RON of beborist 
dn et the ſhow; and therefore had uo diſpoition to fr 
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"$i the Jet 2 ow. added theſe experiments was not 
obſerved,” they do fot determine any Points of aqueous or ſpi- 
rituous congelation in this acid; but there is reaſon to think, 
that theſe points are nearly the ſame as thoſe-of common. ſpirit 
of nitre of the ſame ſtrength, as 'the cold produced in "theſe 
experiments was nearly the ſame. as that obtained by the com - 
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QZer and was nearly of the colour and conſiſtence 
1 arg 4 9 temperature, found by preſſing the ball of 3 a 
thermometer into it, was —1 [x and that of the air nearly. the 
fame; but in the night it had been expoſed. to a cold of — 33%. 
It diffolved but lowly « on. being brought into a warm room, 
and was not completely melted before it had. riſen to 4 206, 
aud even then was not very fluid, but of : a ſyrupy conliſtence, 
Puring the Progreſs of the melting, the congealed part ſunk to 
| the bottom, as in ſpirit of nitre: and mauy air bubbles ſepa- 
rated from the acid, which, when it was completely, melted, 
formed a little froth on the ſurface. As ſoon as it was ſuffi- 
ciently melted 1 to admit of i it, which was not till it had riſen 
to the temperature of + 107, the fluid part x was decanted, and 
both were ſent home to be examined. : 
It is remarkable, that the frozen part did not inti; ely diflolys 
until the temperature was ſo much increaſed. This would | in- 
cline one to think, that the frozen part muſt have differed i in 
ſome reſpect from the relt, ſo as to require much leſs cold to 
make i it freeze; 1 but yet 1 could not find that the firength of 
the decanted part differed ſenſibly | from the reſt. 
It appeared by another bottle of oil of vitriol, which allo 
froze by the natural cold of the air, that this acid, as well! as, 
the nitrous, contracts! in freezing. | DTT Ot Py 
22. On December 21, when the weather was at — 30* a the 
vitriolic acid N' 103. was diluted with ſnow, : as directed in 
Art. z. The ſnow diſſolved immediately, and no figns of 


congelation appeared during any part of the proceſs. The 
temperature 
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N ene of * acid 4 800 only o one Wager before i it wre 5 


of the acid, 


| 5 N 


out with is 


NE next day Mr. MF Nas tried ler degree 


ö of the air at the time was - 397 „ and the mixture ſunk by the 


. proceſs to 
: 295 did not loſe much of its Avidity until it had acquir 


nearly its greateſt degree of cold, nor did any congealed mat- 


ſo that the ſtrength « of the mixture was about 325. 


All through this mixture, the temperature of the air being 


fink,” and the weight bf the ſn ot added was only er of that 
14 that its ſtrength was reduced a to 60 ; 
— is therefore the beſt degree of Nrength for producing | 
6 @ by the . tion of ſnow, when 1 the e degree 'of cold ſet out 
Z —3 is "ftrepgth \ 1s one- fifteenth | part leſs than 


(7 he 3 by a fir imilar experiment, when the tem- 


e {x9 0329. 


ature 2 the Acid Was + 27.5 „ which thews, that the be f 
oe of Trengy the 18 95 rather lefs 4, when the degree of cold ſet 
| great | in v but * it does not differ 


u 0 
1:70 . 10 i - 4.4 „. 1 * . &* + TS 4p 


an chen (mall 


un 
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e thus dilyred'wa L 


„ Aided! into two parts, and 
of cold could be 
duced I'by addi ing ſnow de to one of them. The temperature 


255. 1. The ſhaw 5 diffolved readily ly, and the wir. 


ter ſink to the bottom in any part of the proceſs. | "The quan- 
rity of. ſnow added was about _* avs, of the weight of the acid, 


* 24 On January I, thin cry, als of ice were found diffuſed 


> #@F'b » ghee V 


a $1*4, but that of the liquor 1 Was not tried. As this conge- 
lation muſt have been of the aqueous ; kind, and ſeems to have 
taken place at the temperature of 51, it thould follow, that 
this acid had no power of diflolving f ſnow 1 in a cold of $1} 3 fo 
that it does not at firſt appear why a cold four degrees greater, 
0 that ſhould have been produced i in the foregoing experi- 

ent. The reaſon i is, that at the time the 1 mixture: arrived 
7 - 55 it appeared by the diminution of 1 its fluidity to have 
” contained 


Ec FO — — abe pte 
it after that time: which before the finſt of January, diſſolved 
and mixed with: the acid ; ſo that the acid in the mixture, at the 

time it: ſunk to = 55*$, was not quite: ſo much diluted as that 
| "hich, froze on January 1. This is the reverſe of what hap- 
pened in, the trial of the nitrous acid in Art. 15. as in that 
expetiment the fluid part, at the time of the greateſt cold, was 
nber dan the whole mixture together; but it muſt be con- 
ſidered that that mixture contained much congealed acid, ase 
well as undiflolved ſnow, whereas his contained only the latter. 
25. On January 1, ſnow was added to the other half of the 
acid diluted on December 21. The cold produced was much 
greater than before, namely —68*} ; this ſeems to have pro- 
ceeded, partly from the air and materials having been 12 degrees 
colder in this than in the former experiment, and partly from 
the mo having been added faſter, ſo that the mixture arrived 
at its greateſt degree of cold in 200, «whereas it before took up 
as. Another reaſon is, that the former mixture was made in 
too ſmall a jar, in conſequence of which it was poured into a 
larger before the experiment was completed, whereby ſome 
cold was laſt. The quantity of ſnow. uſed in this experiment 
was leſs than in the former, ſo that the ſtrength of the acid 
after the experiment was about , 343. The mixture alſo grew 
much thicker, and had a degree of elaſticity reſembling jelly; . 
but whether this was owing. only to more ſnow remaining 
. or to any other cauſe, I cannot tell. 

26. Great as the foregoing degree of cold is, Mr. Me N. AB, 
on F ebruary 2, produced one much greater. In hopes of ob- 
taininig a greater degree of cold by previouſly cooling the ma- 
terials, he cooled about ſeven ounces of oil of vitriol, whoſe 
ſtrength Was 629, | that 18, rather ſtronger than the foregoing, 

Vok. LXXVI. Mm by 


1 neee vn of TJ 
; Oar — on74ine EF 
Io ef ot of virisl und ſdwy the fnow inremlett to be uſe) 
Vis ae woked by placing it under: the veiſel* in thich [the | 
 Heering mite was made. As foon 25 the acid in the jn 
as cooted to the temps tatute 6f gr u littie of the ſnow | 
wis added, on which it immediately begin to freeze, and ro 
10363 but in abont 40 minutes, as che jar ws ftill kept in the 
_ Freezhig mixture, it ſunk 10 «48%; by chick time it was 
grown very thick and gritty, efpecial}y at bottom. More. af 
ths dobled ſnow was then added, which m a ſhort time made 
A fink to 78 2, and at the fame time the thickneſs and tena · 
rity of the mixture diminithed ;- ſo that by the time it arrival 
= . | 1 the greateſt degree of cold, very little thickrieſs remained.” 
_ ki wth inquiting, what was the reafon of the greater 
—_ — cold produced in this than in the preceding experi- 
went? Ir could not be owing to the materials being colder; 
| for at the time of the ſecond addition of ſnow, at Which time the 
experiment may be conſidered to have. begun, the acid was not 
colder than at the beginning of the preceding experiment, and 
tte ſnow in all ptobability-not much colder. It could not be 
"owing neither to the jar having been kept in the freezing min · 
ture : fot though that mixture was three or four degrees colder 
than the air in the preceding experiment, yet the acid in the jar, 
before it acquired much addition of cold, would be robbed of its 
cold faſter by the mixture than it would by. air of the fame 
temperature as that in the preceding experiment. Neither could 
i proceed from any difference in the ſtrength of the acid; for 
what difference there was muſt have done more hurt than good. 
The true reaſon is, that the acid was in a ftate of congelation: 
for as the congealed acid united to the ſnow and became fluid by 
the union, it is plain, that cold muſt have been produced both 
. | by 


—— Wan = Reid Race, cold would 1 bean pro- 
_ duced only hy the firſt oauſe, and conſaquantly;a greater de- 
ve vf cold houkd be produeed in inis experiment thaw in the 
Kanner. The only inconvenlende attending the acitl being 
n la ſtate of -congelation is, that in all probability it does not 
unite to the ſnow'ſo readily as when in a. fluid ſtate 3 but the 
-diference ſeems not material, as 'the cold was * * 
8 in 5 minutes. 
27. The day before, Mr. M. Nan, by adding erb face 
of the fame acid an the 'uſual imanher, when the. cold ww 
/ Hals was 46“, produced a cold of only -= 66. 


w "428; In theſe four laſt experiments the acid was ** * 
— abwattiica .ofthe>ſnow,'to:the/ſtrengths of, 325, 343. „40g. 
il #5934; andthe cold;proquecd in them was before aid 'to 
a e — 55 *, 69, —78˙⁵, and i660; 3 vrhence we may con- 
3 celude, that cheſe are nearly the points of aqueous congelation 
11 -anfiwering to the foregoing ſtrengths; only at appears, from 
* chat Was ſaid in Art. a4. That the ft ſtreng ths here * rr are 
Pg + 5m, antroggrary t 1122 3H 


"Though it is certain that oil of 880 eee the 65 
ivous congelation, and though it appears, both from the fore- 
going experiments and from ſome made by the Due ATEN - 
addy M. DE MonvRAu +, that it frerzes with a leſs degree of 

eld When ſtrong chan when much diluted, it is not certain 
whether it has any point of eaſieſt freezing, like ſpirit of nitre, 
or Whether the cold required to freeze it does not continually 
diminiſh as the ſtrength increaſes, without limitation; but the 


latter opinion is the moſt probable. For the Duc D'AvEN's and 


Diction. de Chym. par Macayzs, 2% edit. 
+ Nouv. Mem, de Academ. de Dijon, 1782, 15 ſemeſtre, p. 68. 
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* Men Monvn av s acids, which, as they were concentrated n 


8 Meh 1 of way 


| - purpoſe, were moſt likely ſtronger” than Mr. M Nas, frone 
with à cold leſs than zero of FAREN URL T; whereas the 
freezing ae of Mr. Me Ns undiluted acid,” whoſe ſtrength 
was ,98,:was — 15%, and that of the diluted acid, whoſe ſtrength 
was „Gag, was — 36% and when the acid was: more diluted, it 
was found to bear a much greater cold without freezing. It 
ME appears alſo, both from Art. 21. and from M. pe MonveAv's 
experiment, that during the congelation of the oil of -vitrial, 
ſorne ſeparation of its parts takes placę, ſo that the congealed 
part dhffers in ſome reſpect from the reſt, in conſequence of 
which it freezes with a leſs degree of cold; and as there is 
reaſon to think from Art. 21. that theſe two parts do not differ 
much in ſtrength, it ſeems. as if the difference between them 
_ « depended on ſome leſs obvious quality, and probably on that, 
- whatever it is, which fertns the difference between glacial 
and common oil of vitriol. The oil of vitriol prepared from 
green vitriol, has ſometimes been obtained in ſuch a ſtate as to 
remain conſtantly congealed, except: when expoſed to a heat 
conſiderably greater than that df/ the. atmoſphere, whence. it 
- acquired its name of glacial *. It is not: known indeed upon 
hat this property depends, but it is certairily ſomething elſe 
than its ſtrength; for oil of vitriel of this kind is always 
ſmoking, and the fumes it emits are particularly oppreſſive 
_ - atdſuffocating, though very different from thoſe of the vola- 
ile ſulphureous acid. On rectification likewiſe: it yields, with 
the gentleft heat, a peculiar; concrete ſubſtance, in the form of 
dae . and after this volatile part Has been Ae. i 
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3 This mixture 1 is not bo && for producing cok by: mar 
Aion of ſnow, as oil of vitriol alone; for the cold obtained 
did not exceed — 54%, in either of the experiments tried with 
it. The point of ſpirituous congelation of this mixture, when 
diluted: with fomewhat more than one · tenth of its weight of - 
Water, is about = 209, and is much lower when the acid is con 
fiderably more diluted : but as the Society will moſt likely have 
leſs curiofity- about: the diſpoſition to freeze of this mixture 
l the fimple acids, | T hall Tor W nen 
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"The Fe Grits No 8. were diluted with | hw, in 
ike ug manner as the other liquors ; but were found not to 
want any Y. as the firſt and only addition of ſhow pre uced 
cold. The quantity. added vi was about * f the weight \ of Us 
ſpirit. ; So Rea wh 
31. The ſpitte thus Giluted was divided, like the othir 
Tiquors, ' into two parts, and each tried ſeparately. The 
firſt was at — 45*, before the addition of the ſnow, and was 
ſunk by the proceſs to — 56. The ſnow, even at the firſt ad- 
dition, did not difolve walls ſo that the n W 


bes Casuy Neu. Entdeck. i in Aer Chemie, Th. TH p. 100. Th. 12. p. 241, 
Ko. 1 N 1736. St. 5. p. 3 nn Lis 
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arrived at its greateſt degree of cold. After ſtanding: Wü 
hours; the mixture roſe to the temperature of — 39*, and was 
grown last, hut get. was hot Henpzd. but ef che coukſteyce of 
ſyrup. No cold was produced by adding ſnow to it in that 
ima üg it gppabed:that ifs point of aquacus «<dtipelation 
dens ut dent b * lower t iam its eee 
. —— —— 6 . at's point of 
 Whddous"cotigthtion, and therefore is another mſtante thäüt 
_ Mhowiishdifflolved:miuch deſs OP! Wa an of wine _ | 
wheckitiroak And! uitrolit umds. 
- ig. In yigg the>othet part df ithe Aloe dp the call 
produced ty -N, the ecldiſet bunt with being 2 3 
33 · It appeared by the diluted ſpirit of wine N' 143. which 
on December 12 froze by the natural cold of the atmoſphere, 
and was treated in che fame Wenner a8 the diluted ſpirit of 

Rigg, bet when, hjghly reQibed ſpirit of wine, ſuch.as N 8. 
i So q with L its weight of Water, its Point of aq urous 


— lation will be at 21, "The cougealed part of 955 ſpine 
Was. white li like diluted milk, and e even the decanted pa f rt, which 


was full of thin filnis of 1 ice, had a milky "bite. The fluid 


art Was pe than the reſt, .and no. increaſe of old - Was 


produced by adding ſnow to lame of 3 it, both of which are 


marks of. aqueous congelation. el” ao ad ? in 15 r r 
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fh. "Was Fot Hs caſe” Utiting | the nee the Sins 
Bot hie cold was 50 degrees Jeſs in that iexpicriment tha ic this. 
I On account of the dilution which the ſpirits ſuffered by the melting of the 
ew hich -femaliſed undfolved at cht fie of the pronteſt cold, its point of 
aqueous congelation was no longerfolow?4s = 5j but it ſtilb was not "Heſs chan 
"=F52, as in the evening it was found at that temperature, without much con- 


tter in it, | 
gealed ws | Though 
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With different liquors, and intirely clear up the difficulty re- 
lating to it which I mentioned in Art. 1. yet ſeveral queſtions 
may naturally occur; ſueh se h che cold produced by the 
oil of vitriol was ſo much greater than that obtained by the 
ſpirit of nitre, notwithſtanding that in warmer climates the 
 hſtfons” zeid feams to produce more coldꝰ and why the cold 
produce 'by the nitrous acid, notwithſtanding its previous d. 
tion, which might naturally be expeQed te be of ferviee, was 
not greater than has been obtained by other perſons without 
that precaution? But as this would lead me into diſquiſitions 
of conſiderable length, without my being able to ſay any 
? thing very fatisfaftory on the ſubject, I ſhall forbear entering 
into it. I will only obſerve, that in moſt of the foregoing 
experiments, Mr. M* Nas would probably have produced 
more cold, if he had added the ſnow faſter. We ought 
not, however, to regret that he did not, as its effects on the 
acids would then have been leſs ſenſible. 
The natural cold, when theſe experiments were EY is re- 
markable; as there were at leaſt nine mornings in which the 
cold was not leſs than that of freezing mercury ; four in which 
it was at leaſt eight degrees below that point, or 4; and 
one in which it was — 50% Whereas out of nine winters, 
during which Mr. HuTcnins obſerved the thermometer at 
Albany Fort, there were only twelve days i in which the cold 
was equal to that of freezing mercury, and the greateſt cold 
ſeems to have been = 45%. I cannot learn whether the laſt 
winter was more ſevere than uſual at Hudſon's Bay; or whe- 
ther Henley-Houſe is a colder fituation than Albany, which 
may 
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2 iD, E.! Tr 157610 tried Had ach to gc ning o n 3rodk 
HAVE at length begun the courſe of: experiments von 
| heatlwhich'I have o long had in contemplation; and Lhavel: 
already made: a diſcovery, which, if not new toqou, is per felix 
ſo to me, ard which I think e ee a further knowledge 
reſpecting the nature of dent, iq Hide 19107 10 2d: woliall 
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1 3. bodies, in — which are > conduQtors « 5 electric 
= Avid, are likewiſe good conductors of heat, and, on the con- 
E | trary,;tha ** 4 8 ugh as, are Taran oft the 
q 2 electric flui 7 Sj duQtors of heat), 1 was led to 

an. that yok Torricellian vacuum, which is known to 


| Ho] £2 2 A a alba. 


The common experiments of heating and cooling bodies 
— the receiver of an air- pump I concluded inadequate to 

determining this queſtion A at- anl. an account of the impoſ- 
Gibility of making a perfect void of air by means of the pump; 
but alfo on account of the moiſt vapour, which exhaling from 
the wet leather and the oil uſed in the machine, e . under 


at diver" And dS it with 4 ater) "Aud; Winch, though 
 ethidilly" rare} is yet capable of *conduRing a gfeat deal of 


1 


* * 
1 Tax $7 3240.8 5 
„* 


beat: % had recourſe therefore to other contriv 

W | took a thermometer, unfilled, the diameter of whoſe 
* bulb (which was globular) was juſt half an inch, Paris. 
> on, and fixed it in the center '6fahbllow glaſs ball of 
the diameter of 11 Paris inch, in ſuch a manner, © that the 
hort neck or opening of rhe ball being ſoldeted faſt to the tube 
of the thermometer 71 lines above its-bulb, the bulb of the 
thermometer remained fixed in the center of the ball; and 
copſequently : was cut off-from all communication with the 
external air. In the bottom of the glaſs ball was fixed a ſmall 
hollow tube or point, which projeing outwatds Was n 


to 
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* 
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= ends n et 3476 
wbengthe ahdltby menng ef de by 

hitbetial: Tur fac df the lat "Ball and che bulb & ithe Hrme- 
neter Was filled with hoe mercuty, Which had been presst 


feed of ur und enaiſture by boiling. The ball, and 26 ne 


blromerrical thb attached to it, being filled with mertury; the 
tube was cäfefülly inverted; afid its ts open end placed in 1 BGI 
un which thete Was à quantity of mercury. The inſtrüchent 
nom became # Hatoriieter, and the mercury deſcendiiig from 
the bal (which' was now dppermoſtY left tlie ſpass fur. 
rooniing the bulb of the thertionicter free of air. Thb aer. 
cury having totally quitted the-glafk ball, and having funk in 
the tube to the height of 28 inches (being the height of the 
mercury in the common barometer at that time), with a lamp 
and a blow-1 pipe I melted the tube * - or ſealed it ber- | 


1 lea * pines I in yg common way, 15 now : 
pollcfied a thermometer whoſe bulb was confined in the center 
of: a 7 orricellian 1 vacuum, and which ſerved at the ſai ame time 
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With this Ane (ſee Fon I Tab VI. ) I made the Slowiug 
experiment. Having plunged it into a veſſel filled with water, 
warm to the 18th degree of Rzaumu's ſcale, and ſuffered it to 
remain there till ĩt had acquiredthe tem iperatureof the water, thatis 

| Ooz to 


+ "ths Mack — 9 


the body t to be heated, and a as the inſtrument for n Mk 


_—_ holding Wands te ! 
ander that the glaſs ball, in the center off which was the 


bulb of, the thermameter, was juſt ſubmerged,' I obſerved. the 
- Humber, of degrees to which the mereury in the thermometer 


had ariſen at different periods of time, counted from the mo- 
ment of its in 
boiling water 1 min. 30 ſec. 1 found the mercury had riſen 
from 18%to 277. After 4 minutes had elapſed, it had riſen to 


. 5 nn end of 5 minutes it e to e u 
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a in che ait, ad after it had acquired "the tem 


1 e temperature 
- of the "atmo phere, "which. was that of 1 oY R. (the 1 weather 
Bein . perfealy fine), 1 broke off a 1 ttle piece from the 


Saft ball, where it had been hermetically ſealed, and of courſe 


the atmoſpheric ail air ruſhed immediate 17 Tang the ball. b The ball 


5 furrounding the bulb of the thermometer being now filled with 


cut off all communication between the air confined in the ball 
and the external air; and with L the inſtrument ſo prepared I 
repeated the experiment | before-mentioned ; ; that is to ſay, I put. 


ut Into. water warmed to 18, and Ihen! it had acquired the tem- 


perature 


$874 
20 my 


_ conſtantly bniling) by the end af the tube, i in te 


erſion. Thus, after it had remained in the 


3 now out of the boiling FEE I fullired fi it to cool 5 
point of the fa mall tube which, remained at the bottom of the 


air (inſtead of being emptied of air, as it was in the before- 
| mentioned experiment), I re- ſealed the end of the ſmall tube at 
the bottom of the glaſs ball hermetically, and by that means 


: — 
= IS >! el 
in. 1: os 2 
* * os — My 
— _”. * ESE, IV 
ä 2 5 I 9 OI © hs W ” 
; * R | 
v 4. a « N ' y ds. + 
* SAL. K * J . b * 
_ . 
3 : * ” \ 
* * d - » k 
. 9 us + Þ lo p 
3; o r 


5 leah cine of th ect of beg in the thermo- 
os 03: POND CE bro 0 1 


, Fe _ (a "hah x, —_ Heat 
| . +, S "if 4 of A 7 . 3 * 13 | 


elapſed. acquired. 
nat at the moment © of being plunged . g* | 
#1 the boiling water, F : | feinen 4 . : 
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„blen the reſale of theſe 83 it appears evidently, | 
that the Torricellian vacuum, which affords ſo ready a paſſage 
to the electrie c fuid, ſo far from being a good conductor of pens „ 

is A, 
ISIS among t the 1 fe in the laſt experiment, do 
the bulb of the thermometer was ſurrounded with air, and the 
inſtrument was plunged- into borling water, the mercury roſe f 
2 from 189 to 27% in 45 ſeconds ; ; but in the former experiment. 

when, it was ſurrounded by a; Terricellian vacuum, it required 

to remain in the boiling 1 water 1 minute 30 ſeconds = go ſeconds, i 
| to acquire that degree 0 of heat. In the vacuum it required 5 
minutes to riſe to 48 3. but. 3 in air it roſe to that height, in 
2 minutes 40 ſeconds; and the proportion of the times in 


the other obſervations 1s nearly the ſame, as will appear by the 
flowing table. | 
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| Theſe experiments were made at Anbei, upon the 81 
27 of July laſt, in the preſence of Profeſſor Heme, of 
the Electoral Academy of Sciences of Manheim, and Caries 
AnrARILA, Meteorological Inftrument-maker to the Academy, 
by whom I was affiſted. 5 
Finding the conſtruction of the inſtrument made uſe of in 
theſe experiments attended with much trouble and riſque, on 
account of the difficulty of ſoldering the glaſs ball to the tube 
of the thermometer without at the ſame time either cloſing: up, 
or otherwiſe injuring, the bore of the tube, I had recourſe to 
another contrivance much more © commodious, and much eaſier 
in the execution. | 
At the end of a glaſs tube or cylinder ten or eleven inches in 
length, and near three-quarters of an inch in diameter inter- 
3 I cauſed a hollow globe to be blown 11 inch in dia- 
meter, 


e . the! bing of: r eee, 
„ih the bore of the tube; ach oquial 0 in in atnoter;' avmg 
eite openings neck ob ort tube, about ary nch '6r/thitess! 
ol an inch in length. Having! a! thermometer” pre- 
8 23 bltb: was juſt/ half an inelv! in diameter, and 
; whoſe fiveging point mb at ar 27 inches above its vw, r 


0% and marking chat point, 8 alſo dee uunth Pony thee | 
it- to 90e with threads of fine filk bound round it, which 
being: mviſtened with lac varniſh adhered: firmly to the tube. 
meter I introduced” into the glaſs cylinder and 
ylobs juſt [defcribed; by the opening in the bottom of the 
globe, having fiiſt choaked the cylinder at about 2 inches from 
its junction with the globe by heating it, and crowding: its ſides 
inwards towards its axis, leaving only an opening ſufficient to 
admit the tube of the thermometer. The thermometer being 
introduced into the cylinder in ſuch a manner that the center Y 
| of its bulb: coincided with the center of the globe, I marked a 
in the cyli mn Aout rs" of an e inch bote 5 


nometer, wie baking out the Ke I — the 
eylinder again in this place. Introducitig how the thermometer 
ſop the laſt time, I cloſed' the opening at the bottom of the 
globe at the lamp, taking care, before 1 brought it to the fire, 
to turn the cylinder upſide down, and to let the bulb of- the 
thermometer fall into the eylinder till it reſted upon the lower 
choak in the cylinder. By this means the bulb of the thermo- 
meter was removed more than 3 inches from the flame of the 
lamp. The opening at the bottom of the globe being now 
cloſed, and the bulb of the thermometer being ſuffered to 


return into the globe, the end of the cylinder was cut off to 
4 3 within 


in ade hat > inch of the-hpper Sake Ch ing dave, f 
Rix plain, iht the tube of che thermodteter' projected -beyrind, | 
the. end of the cylinder. Taking hold of the end of the tube, 
I. placed the bulb; of the thefriiowpetes! asimearly as poſbble: in q 
che center of the globe, and obſerving andr marking a point in 
che tube immediately above the upper chonk af che dy hinder, 1 
turned the cylinder upſide down, and ſuffering the bulb of:the 
0 thermometer) by; Enter. — e fd te 


mometer « came - fanthierious of, the -oplindet),' the MA of tho tube 
Vs cut off at the cnark juſt mentioned (having firſt: taken care! 
to melt the internal cavity or bore of the tube together at that 
place), and a (mall ſolid ball of glass A little larger than the 
internal diameter or opening of the choak, was ſoldered to the 
end of the tube, forming a little. button or Kknob, Which 
reſting upon. the upper choak of the cylinder, rived. to fuſs 
pend the thermometer ip ſuch. a manuer that the center of it 
bulb coincided. with the center of the globin which it was 
| hut. up. The end. of the cylinder above the, upper :choak 
being now heated, and drawn out to a point, cor rather being 
formed, inte the figure of che fruſtum of 4 hbllow cone, the 
end of, it was ſoldered to the end of a barotyetiicalitube,: by the 
help of which the cavity of the cylinder and globe containing 
the thermometer was completely voided of, air with mercury ;/: 
when, the end of the cylinder being hermetically, ſealed, due 
barometrical tube was detached from it 'with; A. fle, and the 
thermometer was left completely ſhut up in a Torricellian va - 
cuum, the center of the bulb of the thermometer being con- 
ined i in the center of the glaſs globe, without touching it in 
any part,” by means of the two e in wad . and 
the button upon the end of the tube. >. off3 OM 036791 
1 3 2 52 7 5550 or 
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wee Ms. * _ : 
| d myſelf with two, as nearly 
5 poſſible of the a. dimenſions ; F the one, Which I ſhall 
call N* I, being voided of air, in the manner above deſcribed ; 
the other; N. 2. being filled with air, and hermetically fealed. 
dy With theſe two inſtruments (ſee fig. 2.) I made the follow- | 
ing experiments upon the 11th of July laſt, at Manheim, be- 
tween the hours of ten and twelve, the weather being very 
fine and clear, the mercury in the barometer ſtanding at 27 
inches 11 lines, Rx Aukun's thermometer at 1 5 and the quill 
— of the — of n at 75. | 


2 


l 


6 


3 | Experiment No 3 4s L and 6. 


Putting both the inſtruments into melting i ice, I let them i 
remain there till the mercury in the incloſed thermometers 
reſted at the point o', that is to ſay, till they had acquired 
exactly the temperature of freezing water or melting i ice; and 
then taking them out of the ice I plunged them ſuddenly into 
a large veſſel of boiling water, and obſerved the time required 
for the mercury to riſe in the thermometers from ten degrees 
to ten degrees, from oe to $0®, taking care to keep the water 
conſtantly boiling during the whole of this time, and taking 
care alſo to keep the inſtruments immerſed to the ſame depth, 
that is to ſay, juſt fo deep that the point 0* of the incloſed 
thermometer was even with the ſurface of the water. 

Theſe experiments I repeated twice, with the utmoſt care ; 
and the following table gives the reſult of them. 
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It appears from theſe RR. that the condubiig 
power of air to that of the Torricellian vacuum, under the cir- 


cumſtances deſcribed, is as 745 to 10 2 inverſely, or as 1000 


to 702 nearly; for the quantities of — communicated being 
+ 2 | e 
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In theſe 2xperiments the heat relied through the ſurrounqding 
medium into the bulb of the thermometer: in order to reverſe 
the experime Bly and make the heat pals. out of the; ;thermo-. 
meters, I put the he inſtruments into boiling water, and let, them 
remain 'thereja. till they bad acquired the temperature of the 
water, that is to ſay, till the mercury in the incloſed thermo- 
meters ſtood at 805 z and then, taking t them out of the boiling. 
water, I plunged, them ſuddenly . into a mixture of water and 
pounded ice, and moying them about continually, i in. this x mix- 
"Wy. I obſerved. the tames . in cooling as oller. Ald 
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the heated thermometets, inſtead of being plunged into freez. 


ing water, were ſuffered to cool in the open air, 1 made uy! 
following experiments. The thermometer Ne and Ne 2. 
being again heated in” boiling water, as in the laſt e 


Þ___Tiwe elapſed. "Heat loft, 


e „ 4 : I LE E i 
. 10 12 total time gen | 6 11 =totsl time ; employ | 
| n IE 70" to 300. 3 cooling from 799 te to 20®; 


e to 605. I could not t obſerve the tune of cooling from 
A 3 | 60? 
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By thefe experiments it appears, that the condding Power 


of air is to that of the Tr vacuum as 955 to 1677 


inverſely,” or as 1000 to 603. 51, eder g lll? gb. 


4 4 


To determine whether the aue law wound bold ood NY 


xperiments, 4 
took them out of the water, and faſpended them i in the middle 
of a large room, Where the air (which appeared to be perfectly 
at reſt, the windows and doors being all ſhut) was warm to 


the 16th degree of RkAuztun's ca and the times of 
\ RN ae: as i . *] 
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| Here the difference in the condiiiing Say of air and of 
the Torricellian vacuum appears to be nearly the fame as in 
the foregoing experiments, being as 62+ to 1022 


* inverſely, or 
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inſtruments. ek a" 
As it might poſſibly 4s ea to ithe concluſions doin 
From theſe experiments that, notwithſtanding all the care that 
was taken in the conſtructing of the two inſtruments made 
uſe of that they ſhould be perfectly alike, yet they might 
in-reality be ſo far different, either in ſhape or ſize, as to oeca- 
fiow a very ſenſible error in the refult of the experiments; to 


I move theſe doubts I made the following experiments. 
7 In the morning towards eleven o'clock, the weather bein 9 
0 remarkably fine, the mercury in the barometer ſtanding at 27 
FR . inches 11 lines, REAUMuR's thermometer at 155, and the by- 


grometer at 47*, I repeated the experiment No 3, (of heating 
the thermometer No 1. in boiling water, &c.) and imme 
diately afterwards opening the cylinder containing the thermos 
meter at its upper end, where it had been ſealed, and letting 
the air into it, I re- ſealed it hermetically, and n——— the ex- 
1 periment again with the ſame inſtrument, the thermometer 
deing now ſurrounded with air, like the thermometer W 2. | 
| The reſult of theſe experiments, which may be ſeen i in the ; 
following table, ſhews evidently, that the error ariſing from 
the difference of the ſhapes” or dimenſions of the two inſtru- 
ments in queſtion was inconũde 3 if n not t totally 18 wel 
3 wail N 
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Thermometer N. n Tbe ſame Thermometer (Nei N 
b brd 3 — . ifs r contanrng 
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Aenne therefore, from theſe erben, that the con- 
ducting power of common atmoſpheric air is to that of the 


Torricellian vacuum as 74+ to 1144, inverſely, or as 1000 to 


602; which differs but very little from the reſult of all the 


foregoing experiments. 

Notwithſtanding that it appeared, from the reſult of theſe 
laſt experiments, that any difference there might poſſibly 
have. been in the proportions or dimenſions of the inſtruments 


Ne 1. and N* 2. could hardly have produced any ſenſible error 
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emen when Ha. 287. 
in the reſult. . of the experiments in veſtion 1 was Filling,. 
however, to ſee how far any conſidera le alteratigns of $ze in 
the ineument would affect the experiment: therefore pro- 
vided myſelf with another inſtrument, which In call 7; bers. 
numeter No 3. different from thoſe already eech in fizes. 
and a betle different in its conltryQion, _ P's. 

The bulb of the thermometer Was of the Gme fon and. 
ſue as in the inſtruments Ne 1. ad, Ne 25 that is to fay, it was 
globular, aud half an inch ig fjarpeter but the ghbs globe, 
in the center of which i it was confined, wes much larger, being; 
3 inches. 71 lines in diameter; 3, and the bore of the tube of. the 
thermameter was much finer, and conſequently ; its length, and 
the divifions of Its, ſcale, werg greater. The diviſions. were 
marked upon the tube with threads of fk of different colours 
at every tenth. degree, from o to 800, as in the. befqre-men-. 
tioned inſtruments. The tuhe or cylinder belonging to the 

glaſs globe was 8 lines i in diameter, a little longer than the. 8 
tube of the thermome ster, and perfectly cylindrical from its | 
upper end to its junction with the globe, being without any 
choak ; the thermometer being confined in the center of x the. 
globe by a different contriyance, which was as follows. To 
the opening of the cylinder was fitted a ſtopple of dry wood, 
covered: with a cqat of hard varniſh, through the center or 
axis of which paſſed the end of the tube of the thermometer 7 
this confined the; tobe, in the axis of the U at its vpe 


ſmall ſteel xg a little 1 the point oe; ; F 8 > 
confined . raund the tube of the thermometer, had three elaſtic 
points projecting outwards, which preſſing againſt the inſide 
of the cylinder, confined the thermometer in.its place. The 


total length of this inſtrument, from the bottom of the globe 
to 


to the upper end of the ie was ; 8 welle and the freez- 
in 8 point upon the thermometer fell about 3 inches above the 
bulb; conſequently it lay about 11 inch above the Junction 
of the cylinder with the globe, when the thermometer was 
colifined in its place, the center of its bulb coinciding with the 
center of the globe. Through the ſtopple which cloſed the 
end of the cylinder paſſed” two ſroall glaſs tubes, about a line 
in diameter, which being about a line longer than the ſtopple 
were hy up occaſionally with final! ſtopples fitted to their 
bore Theſe tubes 1 were fitted 1 in the trade 
bene ir 
fired in "their A with emit) ſerved to convey air, or Ir any 
other fluid, into the glaſs ball, without being under a neceſſity 
of removing the ſtopple cloſing the end of the cylinder; which, 
in order to prevent the poſition of the thermometer from being 


, » 


In or 
2870 deranged, was cemented in ĩts place. 3 
have been the more particular 3 in the deſcription of theſe 
Aültrüdentt, as J conceive it abſolutely neceflary to have a 
perfect idea of thern in order to o judge of the experiments made 

with r 
With the AMügrünment laſt deſeribed (which I have called 
Thermometer N* 3.) L made the following experiment. It was 
upen the 18th of July laſt, in the afternoon, the weather ra · 
riable, alternate clouds and ſun-ſhine ; wind ſtrong at 8. E. 
with now aud then a ſptinkling of rain; barometer at 27 
inches 101 lines, thermometer at 18%}, and hygrometer va- 
riable from 44 to extreme moiſture. 
In order to compare the reſult of the experiment made with 
this thermometer with thoſe made with the thermometer N? 2. 
J have, in the following table, placed W N by the 

de of each other. 
(Exp- 
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Exp. N” 16.) | (Exp, N* 4, and N* 5) 
1 Thermometer Ne 2. 
Tee bulb half an inch in dia- Its bulb half an inch in diameter, ſhut up in 


1 


—— 


Ry 
3 


| 70 
80 


"i „ e [time of 4 ip 3 wg = 
heating from 0? to 80. time of heating from 0? to 805. | 
Time from 0? to jo? = ok bi Time from of to 70's 2 3s 


4 meter, - ſhut up in the center of | the center of a glaſs globe, 11 inch in dia- 
8 a glaſs tube, 3 inches 74 lines | meter, and ſurrounded by air. 

by in diameter, = ſurrounded by Taken out of Nui water, end Planged int 
e . Zoiliu 2 water, ; 
> Tales out of freezing water, and — — 

2 into 8 water. Time elapſed, 

4 ime 9 Heat . 

| - 1 

| 20 
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3 n 
* - C by : 


If the as. of theſe n with the chk : 
ters Ne 2. and Ne g. ſurpriſed me, I was not leſs ſurpriſed | 
with ** ps the nina which 2 | 


mx. 16. po 


Taking the themnomeder Ne 3. out of the WY g water, I 
immediately ſuſpended it in the middle of a large room, 
where the air, which was quiet, had the temperature of wy 
R. and obſerved the times of coping as follows: 
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= 5 3 5 5= = total time of cooling from ” to 30%. 4 
| Fi ime from 70” to to 50*=8” o''; but in the experiment Ne 

14. with the thermometer No 2. the time employed in cooling 
from 70⁰ to 30 was only 6 11”. In this experiment, with 
N the thermometer No 3. the time employed i in cooling from 60? 

to 30° was 7, 48“; but in the above-mentioned experiment, with 

the thermometer No 2. it was only 5 207, It is true, the air of 
the room was ſomewhat cooler when the former experiment 
was made than when this latter was made with the thermo- 
meter No 3.; but this difference of temperature, which was 
only 251 (in the former caſe the thermometer in the room 
ſtanding at 165, and in the latter at 185) certainly could not 
| have occaſioned the whole of the apparent difference in the 

reſults of the experiments. wh 

Does air receive heat more readily than it parts with it ? This 
is a queſtion highly deſerving of further inveſtigation, and 1 
ſhall: not fail to give it a full examination in the courſe of my 
projected i inquires ; but leaving it for the preſent, I ſhall proceed 


to give an account of the — which J have * 
made . 
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Conceiving it to be a lep of conſiderable mpertancy tomards coming at a 
2 further 
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the Aon * of the artificial airs or gaſſes, the 
g ! thermometer 
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further knowledge of the nature of heat, to aſcertain, * indiſputable evidence, 
its paſſage through the Torricellian yacuum, and to determine, with as much 
precifion as poſfible, the law of its motions in that medium ; and being appre- 
henfive that doubts might ariſe with reſpect to the experiments before deſcribed, 
on account of the contact of the tubes of the incloſed thermometers in the 
inſtruments made uſe of with the containing glaſs globes, or rather with their 


| To nut, I made the following experiment. 
In the middle of a glaſs body, of a 8 ee ans 
od inndes jo itn greet. Saways, I ſuſpended a ſmall mercurial thermometer, 5F 
inches long, by a fine: thread of ſilk, in ſuch a manner that neither the bulb of. 
the thermometer, nor its tube, touched the containing glaſs body in any part. 
| The tube of the thermometer was graduated, and marked with fine threads of ſilk 
of different colours bound round it, as in the thermometers belonging to the 


place by means of a ſmall fieel ſpring, to which the end of the thread of ſilk 
which held the thermometer being attached, it (the ſpring) was forced into a 
ſmall globular protuberance or cavity, blown in the upper extremity of the glaſs 
body, about half an inch in diameter, where the ſpring remaining, the thermo- 
meter neceſſarily remained ſuſpended in the axis of the glaſs body. There was 
an opening at the bottom of the glaſs body, through which the thermometer was 


afterwards ſealed hermetically, and the barometrical tube bein g taken aways the 
thermometer was left ſuſpended in a Torricellian vacuum. 

In this inſtrument, as the incloſed thermometer did not touch the containing 
glaſs body in any part, on the contrary, being diſtant from its internal ſurface. an 
inch or more in every part, it is clear, that whatever heat paſſed into or out of the 
thermometer muſt have paſſed through the ſurrounding Torricellian vacuum: for 
it cannet be ſuppoſed, that the ſine thread of filk, by which the thermometer 
was ſuſpended, was capable of conducting any heat at all, or at leaſt any ſenſible 


Q. 4 2 aſſiſtance 


ic having Jock eny inderdicie Sidea the beginning to examine 


cylinders; by which means it might be ſuſpected, that a certain quantity, if not 
all the heat acquired, might poſſibly be communicated : to * * matter 


other inſtruments already deſeribed; and the thermometer was ſuſpended in its 


introduced; and a barometrical tube being ſoldered to this opening, the inſide of 
the glaſs body was voided of air by means of mercury; and this opening being 


Quantity, 1 therefore flattered myſelf with hopes of being able, with the 


* a} 
kits ob LK 


_ Tirnents ; and-having bor provided my ſel sche ſtock-oHthole 


different kinds of airs, I began with fixed ar, with which, by 


aMſtance of this Natter, to deterinie-poltively with reghts to the paffage of 
meat in the Forricellian vacuum: and this, I think, I have done, notwitkfanding 


What an unfortunate accident n ang pram whe 


pw 1 
This . fitted Wa ds * s in ſueh a manner 


6 97 


by the fide of another incloſed thermometer (No a.), which was ſurrounded by 


air, and obſerved the effect of the variation of beat in the atmoſphere; 1 ſoon | 


diſcovered, by the motion of the mercury in the incloſed thermometer, that the 
| heat paſſe through the Torricellian vacuum; but it appeatec 


e greater difficulty in this medium than in common air. T now plunged both 


the thermometers into a bueket of cold | water; and I obſerved: that the mercury 
in the thermometer furrounded by air deſcended much faſter than that in the 
1 took them. out of the 


thermometer furrounded by the Torricellian vacuum. 
cold'water, and plitnged them into a veſſel of hot water (having no conve 


at hand to repeat the experiment in form with the freezing and with the bein * 
water); and the thermometer furrounded by the Torricellian vacuum ee ; 


Mill to be much more inſenſible or ſluggiſh than that ſurrounded by air. 
- Theſe trials were quite ſufficient to convince me of the paſſage of heat in x the 


Torricellian vacuum, and alſo of the greater difficulty of its paſſage in that 


medium than in common air; but, net ſatisfied to reſt my inquiries here, I took 


the firſt opportunity that offered, and fet myſelf to repeat the experiments which 


T had before made with the inffruments Ne 1. and No 2. I plunged this inſtru- 


plunged it ſuddenly into a veſſel of boiling water, and prepared myſelf to- obſerve 


the aſcent of the mercury in the incloſed thermometer as in the foregoing experi- 
ments; but unfortunately the moment the end of the glafs body touched the 
\ boiling water, it cracked with the heat at the point where it had been hermetically 


ſealed, and the water ruſhing into the body, ſpoiled the experiment: and I have 
not fince had an opportunity of providing myſelf with another inſtrument to 
repeat. it.. | 2 


means 


that the glaſs body remained in a. perpendicular fituation, I placed it in my room, 


eſs or great iuſenſibility of the thermometer, that the heat dated with 


ment into freezing water, where I let it remain till the mercury ia the incloſed | 
thermometer had deſcended to o*; when, taking it out of the freezing water, 1 
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8 filled the aa. 
— EY andi ſtoꝑping vp-thertwo holes irvthe great ſtup- 
ple clofing the end:of the cylinder; I expoſed: the inſtrument ia 
freezing water tilh the mercury in the incloſed thermometer had 
deſcended to of ; when, taking it. out of the freezing) water; 
I plunged it into a large veſſel of boiling water, and prepared 
myſelf to obſerve the times of heating, as in the former cnlbs. z. 
but an aceident happened, which fuddenly put a ſtop torthe 
experiment. Immediately upon plunging the inſtrument into 
the boiling water, the mercury began to riſe in the thermometer 
vith ſuch uncommdon celerity, tliat it ad paſſed the firſt; divi 
ſſion upon the tube (which marked the ioth degree, according 
to REAUMUR's ſcale) before I Was aware of its being yet i 
motion ; and having thus miſſed the opportunity of ebſerving 
the time clapſed when the mercury arrived: at that point. I 
vas preparing to obſerve its paſſage af the next, when all of a 
ſudden; the ſtopple cloſing the end of the cylinder was blown 
up the chimney with a great exploſion; and the thermometer, 
which, being cemented to it by its tube, was taken e ge 
it, and was broken to pieces, and deſtroyed in its fall. 7 
This unfortunate experiment, though it put a fois * the 
time to the inquiries propoſed, opened the way to other re- 
ſearches not leſs intereſting. Suſpecting that the exploſion was- 
occaſioned by the rarefaction of the water which remained 
attached to the inſide of the globe and cylinder after the'ope- 
ration of filling them with fixed air; and thinking it more 
than probable, that the uncommon celerity, with which the 
mercury roſe in the thermometer, was principally owing to 
the ſame cauſe; I was led to examine the — 22 — of 
moiſt ar, or air ſaturated with water. 


* 12 7 


For 


4 taken not to preſs theſe ſtopples into their places with any con- 


For this FS». 1 wide myſelf Wee when : 
_—_— Ne, 4. the bulb of which, being of the ſame : form ab | 
| thoſe already deſeribed {vis. globular) was alſoof the ſans fie, 
or half an inch in diameter. To receive this therm 
a. glaſs cylinder: was provided, 8 lines in diameter, and * 
14 inches long, and terminated at one end by a globe 14 inch 
in diameter. In the center: of this globe the bulb!of the ther- 
mometer was confined, by means of the ſtopple which cloſed the 
| of the cylinder: which ſtopple, being near 2 inches long, re- 
3 the ent af the tube of the thermometer into a hole bored 
through its center or axis, and confined the thermometer in its 
place without tlie affiſtance of any other apparatus. Through 
this ſtopple two other ſmall. holes were bored, and lined with 
thin glaſs tubes, as in the 'thermometer Ne 3. opening a paſ- 
fags i into the cylinder, which holes were occaſionally ſtopped 
up with ſome ſtopples of cork; but to prevent accidents, ſuch 
as I had before experienced from an exploſion, great care was 


ſiderable force, that they might the more cafily be blown out 
by any conſiderable effort of the confined air. 

Though in this inſtrument the thermometer was not ie 
gether ſo ſteady. in its place as in the thermometers Ne 1. No 2, 
— Ne 3. the elaſticity of the tube, and the weight of the 
mercury in the bulb of the thermometer, occafioning a ſmall 
vibration or trembling of the thermometer upon any ſudden 
motion or jar; yet 1 preferred this method to the others, on 
account of the lower part of this thermometer being intirely 
free, or ſuſpended in ſuch a manner as not to touch, or have 
any communication with, the lower part of the cylinder or 
___ he globe: for though the quantity of heat received by the 
tube of the thermometer at its contact with the cylinder at its 
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of the ſteel ſpring in N 3. and from thence commu- 

| nleated to the bulb, muſt have been»exceedingly ſmall; yet 1 
was defirous to prevent even that, and every other poſlible 
error or * bowever ſmall, that __ Wie” 
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Does humidity augment the . power of air? 2 
To determine this queſtion I. made the following experi- 
ments, the weather being clear and fine, the mercury in the 
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q + Surrolidled by air 1 to the Surrounded by air rendered 
| | Fry degree of the quill hy- as moiſt as poſſible by wetting} 
1 |grometer. of the Manheim the ig 57 the cylinder and 

7 Academy. globe with water. 


| Taken out of freezing water, Taten out of freezing water, 1 
and plunged into boiling water. and 1 plunged i into boiling water. 
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the ſame reſult would - obtaih - when the extperiunent- was re- 
- vetſed, I now took tlie thermometer with the moif air out of 

the boiling Water, and plunged it into freezing water; 
moving it about continually from place 1 to place 1 in the freezing 
water, I obſerved the times of cooling, as ſet down in the 
following table. N. B. To oompare the reſult of this experi. 
ment with thoſe made with dry air, IJ have placed on one fide 

in the following table the experiment in queſtion, and on the 
other fide the — Ne 19. made with the FRO 
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ſwall, yet che « US ence of the. times taken up Wen 0 
twenty or thirty: degroee from the boiling. point is yery * 

markable, and ſhows with how much greater Facility heat 

paſſes in moiſt: air than in dry air. Even the ſlowneſs with 
which the mercury in the thy eter No 4 deſgended in 
this experiment from the goth to che 20 th, and. from the zoth 


to the 10th degreo, A. attribute 1 A; ſame meaſure - to the great 


— pi of. * moiſt air with. which it, . lor 


moiſt air, — not wholly ſubmerged | in the — adn 
that part of it which remained out of the water was neceſſarily 
furrounded by the a air of the atmoſphere ; which being ay. 


hich, paſſing from. — igto the pI. | moilt air a5 
— as that air betame colder than the external air, was, 
through that medium, communicated to the bulb of the in- 
cloſed thermometer, which prevented its cooling ſo faſt as it 
would otherwiſe have done. But when the weather becomes 
euld, 1 propoſe. to repeat this experiment with variations, in 
ſuch a manner as to put the matter beyond all doubt, In the 
mean time I cannot help obſerving, with what i infinite wiſdom 
ant goodnicfs. Divine Providence appears. to. have guarded 1 us 
againſt the evil eſſects of exceſſive heat and cold. i in the atmo- 
ſphere; for if it were poſſible, for the air to be, equally damp 
during the ſevere cold of the winter mouths as ĩt ſometimes 1 is 
in ſummer, its conducting power, and conſequently i its apparent 
toldneſs, when applied to our badies, would be ſo much in- 
ereaſed, by ſueh an additional degree of moiſture, that it BS 
would become quite intolerable ; 3. but, happily for us, its 
power: to hold water in ſolution is diminiſhed, and with it its 
_ tu rob us of our animal beat, in proportion as its 
Vox. LXXVI. Re coldneſs 
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= . 5 rote Ei ry rf body Rows'ho we diſag 
= ; Very iwolerite deß gree & 20 dewben this alt is vey trop; 
and” from hence Tt Yppears, "vv hy the thermometer i is not 
a juſt mesſute f the appatent 'br ſenſible heat of the der 
VT 
wbbed 6f bur ale heat, che rbiſen is plain why thoſe dif 
orders prevail? moſt during the cold autuhual rains, and upon 
the breaking de the roſt in the Tpring. It is likewiſe plan 
from aber leib nat ſleeping I damp beds, and inhabiting 
damp houſes, is 10 Very 5 * and why the evening air is 
ſo pernicidus i in ſai thet'and iti autur mn, and why it is not ſo 
during the hard froſts of Winter. It has puzzled many very 
able philoſophers : and phyſictitis to 4etount” for the manner in 
which the extraordinary degree or rather guamity of heat is 
generated which 2 an animal body 1 is ſuppoſed to loſe, when ex- 
poſed to the cold of winter, above what it communicates to 
| "7  furroutiding atmoſphere i in warm ſummer weather; but-is 
it not more than probable, that the difference of the quantities 
of heat, actually loſt or communicated, is infinitely leſs than 
what the y have imagined? "Theſe inquiries” are certainly very 
Wing; and they are undoubtedly within the reach of 
well contrived ard well conducted experiments. But taking 


for the preſent! of this curious ſubject of _—— 
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my leave 
fon. 'Thaften to tlie ſequel of my experiments)! 7! 5.71 20s, 
* Pindin 8.0 great A 1 in the conducting powers of 
e air. and of the Totrivellian' vacuum, 1 was led to 
exatniiic the Conducting powers: bf common air of different 
degrees of "denſity. For this experiment I prepared: the ther- 
morheter Ne A by ſtopping up one of the ſmall glaſs tubes 
paſſin g throwdgh "the" ſtopple, and opening a paſſage into the 
Hier and by 5 a Valve to the external overture of the 
1 17 A... . other 
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not not a little ; but the diſcorery of trvth: be ——— 
my {hquiries (having no favourite theory to defend) it b 
4 diſappointteut along with jt; under whatever — 
it may appeag. I hope that further  experitnents may lead 
he difcovery offthe cauſe why there is ſo Rttle difference in 
the conducting powers of air of ſueh very different degrees-6f 
rarity, while there 1 is ſo great a difference in the conducting 
powers of air, ad of the Torricellian vacuum. At preſent, 
E fhall not venture any pnjeftures upon the ſubject; but in the 
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5 To fo con db theſe numbers expreſs the 345 
3 ive ſenfible.t ratutes of the riediumy, as 
docting er How far theſe dec 
variation <7 circumſtances ex petri t only ean determine. 
u cert: A, a: ſubje® bf inveſtigation not leſs curious in 
est it is 1 to mankind; and 1 wiſh that what 
turn” their attention to this 


— IIS 


_ * ſielg of ex perimental, 1 inquiry. . For my own 
part, Lam-determined not to quit iti. 

In the future. proſecution of theſe in uiries, 1 do not mean 
wo. confine. myſelf” ſolely to | the determining | of the conducting 
powers of. fluids; en the contrary, ſolids, and particularly 
ſuch bodies as are made uſe of for cloathing, wilt be principal 
ſuhjects of my future experiments. 1 have indeed already 
begun theſe reſearghes, and have made ſome progreſs in them 3 
but I forbear to anticipate a matter which I propoſe for the 
fubje& of a future communication. | 
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A B. a child four years old, was firſt i pose about «a 
middle of September, 1784. When I was conſulted, 
which was on the 7th of October, the ſym ptoms reſembled 
thoſe of a cholera morbus. At this period, however, the 
diarrhoea had ceaſed; but the patient contigued frequently to 
vomit, eſpecially after taking nouriſhment. 
On the 20th a dyſentery ſucceeded, with mucous and bloody | 
| ſtools, which ceaſed after a few days continuance, when the 
nearly recovered her former ſtate of health, without even 
reaching after her uſual food. ' She was now removed into 
the country; and 1 did not hear of her again till Decem- N 
ber, when ſhe was brought to town, on account of the return 
of the dyſentery, which was, at this period, accompanied with 
a troubleſome teneſmus, and a conſiderable degree of fever. 
By anodyne medicines, and the uſe of opiate clyſters, theſe | 
complaints were occafionally moderated, and ſometimes they to- 
tally ceaſed for a few days, but ſeldom longer, and the intervals 
of relief gradually ſhortened ; the attacks became alſo more vio-—- 
lent, commencing with violent rigors,” and fever ſucceeding ; * 
the pulſe grew weaker and weaker, and the patient became ex- 
tremely extenuated in fleſh ; and towards the concluſion of this 
Vol. LXXVE © 81 month, 
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bathing of the while body, were equally ineffeckval. Ano- 
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Aan after be vomitings of a a2 e uid, like | 


- coffee grounds, it finiſhed its painful exiſtence. 


Bleeding. before the debility was become alarming, afforded 
no material reſpite. Fomentations to the abdomen, and tepid 


dyne ſtarch clyſters afforded ſoms truce, but it could not be 


durable; the nature of the miſchief was too momentous to 


afford any hope of 2 — 1 as the diflection after 
death will evince. | 
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wa x 3 the cavity. of. the pag the {ery 
flexure of the colon immediately preſented. itſelf to view, en- 
larged to the ſue of that of an adult, as alſo a lacge diſtended 
inteſtine / appearing to be at firſt view a continuation of the 
tranſyerſe arch, of this gut; 3 and at the place where this ſeeming | 
arch joined the ſigmoid flexure, there appeared a firm or tight 
band, as if 3 che inteting, and here i \ Was ſtrongly 
On a nicer 2 this ch. was > Had to be a portion 7 
che ileum, which paſſing within the band was incloſed in the 
ſigmoid flexure of the colon. 
All the parts between this * of * final 3 | 
and the figmoid flexure, amongſt which were the caput coli, 
cxcum with its appendix, and the whole of the great arch of 
the colon, could no where be ſcen. The want of theſe parts, 
the enlarged fize of the ſigmoid flexure, and the hard feel 


2 x „ s 
4 = 
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1 
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evidently ſhewing that it contained ſome ſubſtance, left no 
room to doubt, but that all the miſſing portion of the inteſtines 
| 5 ' Was 


eames rn the amd — A bager intre- 


ſubſtance. did not adhere, the finger paſſing round it freely, be- 
| eween it and the internal coat of the rectum. The liver, the 
urinary bladder, and ſmall inteſtines, wete the remainin g parts 


which firſt appeared when the HPO of * abdomen mw 
turned back, ' 


Upon Wang for "es e a portion of it 2 wak 


1 
e 83 441 


——— dave into the figmoid flenure. 
The ſtomach was tied much cloſer to the ſpine than riatural, 
17 diſplacing of the omentum and great arch of the colon. 
The gall bladder was as large as that of an adult, and was full 
of thin bile, but ithour pr to its + age into 4 
duodenum. EV et 
The general inven appearance of all the intſines + was 
natural, expept flight inflammatior in ſome places. 


an ounce of thin pus 3 and on the right fide were two liga- 
mentous peritoneal ſubſtances, very much on the ſtretch; one 
formed by an extenſion of that part of the peritoneum called 
ngamentum * coli dextrum; the other at che place where the 
colon is connected to the peritoneum over the right kidne 7. 


8 quired particular attention, T cut out all the parts connected 


much more looſely than in others. It is probable, that the — caſe was one 
of e 


— into the anus felt a round ſubſtance in the tectum 
with an opening in the middle, not unlike the os tincæ. Thib 


attached to the ſtomach, the remaining part W 8 


The cavity of the abdomen alſo contained more chan half | 


As the further inveſtigation of this uncommon diſeaſe ne- 


with it, bringing away the eee. flexure of the colon, 


2 1 Ha obſerved, that in ſome children the caput coli is 1 2 
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ch of the ileum with the —— 1 2 1 


| "a | a T =" 
with aun anus, uterus, and bladder : alſo a part of the 


ſtomach and duodenu m. 
The Drawing “ (Tab. vn. ) was — by Mr. Bund, — 
of the natutal ſize, and the ſmall inteſtines added from a 
ſketch made before the parts were removed from the body. 
I then made a longitudinal inciſion through the coats of the 
© e flexure of the colon, from the anus to the band at its 
upper part. Within the cavity, which was lined with mucus, 
appeared a large inteſtine, taking on the form of the figmoid | 
flexure, which on examination proved to be the great arch of 
the colon and the cæcum iaverted; ſo that the villous coat was 
external, and in contact with the villous coat of the ſigmoid 
flexure, through the whole extent of both; at the extremity of 
which inverted inteſtine were two apertures, viz. the m_ one 
felt by the finger per anum, and a ſmaller one. 
It now plainly appeared, that the band was fotmed by how op- 
1 per part of the ſigmoid flexure being drawn tight by the inver- 
Lon of the part of the colon immediately above it, the further 
progreſs of which was prevented by the peritoneal connections 
at that place not giving way; n cauſed, it to appear as a 
band. tying the inteſtine down. 
_ This incloſed inteſtine was very — dſcaſed, the upper part : 
next the band being highly inflamed, a: 
caput coli in the rectum gradually terminated i in mortification, 
ſo that for three inches from its extremity it was perfectly black. 
No adheſion whatever appeared between the coats of theſe 


inteſtines, as this inverted colon might be lifted out of * 
ſigmoid flexure to the band. | 


Mr. Bazizz very accurately 3 che ſcale under my own inſpection from 
which the engravings are taken, | 
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pt Upon the coats bf this ana inteſtine it 


: 


- was obſerved, that they were very much thiekened and diſeaſed C 


the enlargement of the gut,which was fully equal to that of'an 
adult, - conſiſting chiefly in a thickening of its various muſcular 
fibres . The peritoneal coat, now become its internal ſurface; 
Was every where highly inflamed, but not black as on the outſide, 
the inflammation gradually increaſing from the band to the extres 
mity of the cæcum. Through the whole length of its cavity was 
included a portion of the ileum uninverted, with its connecting 
meſentery, whieh communicated with the larger aperture above 
deſcribed at the extremity of the cæcum, and with the arch of 
the ileum above the band. It was contracted in ſize, but was 
nearly free from thickening or inflammation; ſome adlieſions 
only connected it with the coats of the colon; but the portion 
above the band was at leaſt four times as large, thus reſembling 
in magnitude as well as occupying the place of the great arch 
of the colon. Beſides this inteſtine, this cavity contained a 
portion of the omentum continued from that above, paſſing 
within the band, and extending half-way to the rectum; an 


enlarged cluſter of meſenteric glands, of the ſize of a pigeon's 
egg, which juſt emerged from under the band, and were connected 
with a portion of the meſentery above; and, at the lower part, the 


appendix vermiformis larger and longer than natural, but likes 
wiſe uninverted, the mouth of the cavity of which formed the 
ſmaller opening in the cæcum before mentioned. It was at 
this point of the — that the ſame i — — 
drew the figure, del VI. 


-*. hz increaſed ation of theſe muſcles, neceffurily 8 on their inverted 
ſtate, would increaſe the ſize of their muſcular — as . in the bladder, 
whey | it acts frequently. hs 80 
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Ad long us the parte hid been in this very Aneotmon-fituz. 
4a; tlie fteces muſt? have paſſed through the valve Gf the 
colon, directly into the very loweſt part of the reQtum, 'with: 
dut ever coming in A * 1 — of the. urg 
inteſtin es? ? 
And in the aſt 0 of 40 child's life; Fee a ane 
frequently happened, the — 1 from the — 
into the night- tool. 38 
The arch of the 6s; in default of chit: of the e 
formed the reſervoir for the faces; which, with the partial 
Interruption to their paſſage by the ſtricture occafioned by the 
band, probably cauſed its enlargement. But the feces con- 
tained in it were of a thinner n and nes the 
eee mW Was wala.” 
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EXPLANATION. or THE PLADES: 10 
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A we view _ the inteſtines, in the en in . 
_ appeared on firſt opening the bod, 
an. The enlarged ileum, AAPL on the rem e of the 
preat. arch of the colon. © . 
5. The fudden enlargement of the Hens. MN 
c. The ileum paſſing within the bandinto ke un- 
4 Part of the omentum paſſing within the band. 
e. The inteſtinal band, formed by the inverſion of the great 


arch of the colon immediately above it ceaſing at this placr. 
| ; F 6 # t 


flexure ſpread open. 


where it opened into the rectum, and brought out through the 


— . 


+ % 


lin e 


— portion of the alimentary canal. * 
—— 2 42 e *ff1 Yo! It: 13 


. The anus. 
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T A B. VIII. 


* 
fe The figmoid flexure of the colony: A dhe intso- : 


* 
ii. Small media of the natural bas + and heath appearance. 


The fame-view, with the figmoid flexure laid open, and the 


edges turned back, to ſhew the contained parts; and likewiſe 
the introſuſcepted colon laid open, | 
ileum and appendix yermiformis contained 2 it. 


internal) of the n ech — A 


* 


cc. Part of the ileum uniny en I > 
d. Appendix cæci uninverted.” ies. ppt 


ee. A probe piercing the diſtended ileum, pafſed within the 


band, and brought out in another portion of the ieum, con- 
tained within the inverted colon below the band. 
| ff. A blow-pipe paſſed through the valve of the colon, 


coats of the ileum above. 
gg. A probe paſſed into the natural opening of the appendix 
exci, and brought out above. 

L 5. The cæcum inverted. 


to diſplay the uninverted 


aaaa. Internal 7 face 0 * moi N * of the colon 
ſpread open. 1 * #*.4 4 
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Dr. LIT reon Aue, Ne. 
"ON Go Part of de restu m. a AT M 
& Te aw _ ono nmomminttie dt 1H noir: bare ag 
I. Part of the omentum, attorbbd to the peritoneal ſurface of 
the great arch of the colon, and continued from the portion 


def bor oft ten dt tant: 
m. The cluſter of enlarged meſenteric glands. 
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xt New Eee; o the Oats Pente of Light ant 
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Wir“ any one bes long and attentively looked at a 
bright object, as at the ſetting ſun, on cloſing his « eyes, 
or removing them, an image, which reſembles in form the 
object he was attending to, continues ſome time to be viſible: 
| this appearance in the * we ſhall call the ocular — of 
* wo 
Theſe ocular Glen are of four kinds: 1, Such a8 are 
owing to a leſs ſenſibility of a defined part of the retina; or 
| ſpefira from defect of ſenſibility. 20, Such as are owing to a 
greater ſenſibility of a defined part of the retina; or Hestra 
from exceſs of ſenſibility. zd, Such as reſemble their object in 
its colour as well as form; which may be termed direct ocular 
ſpectra. Ath, Such as are of a colour contrary to that of their | 
object; which may be termed reverſe ocular ſpefira. 
The laws of light have been moſt ſucceſsfully explained by 
the great Nxw rox, and the perception of viſible objects has been 
ably inveſtigated by thei ingenious Dr. BRE RLEV and M. Marx- 
BRANCHE ; but theſe minute phænomena of viſion have yet been 
thought reducible to no theory, though many philoſophers have 
employed a conſiderable degree of attention upon them: among 
theſe are Dr. JuziN, at the end of Dr. SMITH's, Optics; M. 
Vol. LXXVI. T6 ZEPINUS, 


. % 


De. Danwin's Ryperiments on the 
5 Arixus, | in the Nov. Com. Petropol. V. 10.; M. BeoveLIN, 
in the Berlin Memoires, V. IL 19951; M. D Arcy, in the 
| Hiſtoire de Acad. des Scienc. 1765; 3 M. pr LA Hire; and, 
laſtly, the celebrated M. pz Buxyon, in the Memoires de 
T Acad. des Scien. who has termed them accidental colours, as if 
ſubjected to no eſtabliſhed laws, Ac. Par. 1743. M. p. 215. 
I myſt here apprize the reader, that it is very difficult for 
different people to give the ſame names to various ſhades of co- 
lours; whence, in the following pages, ſomething muſt be 
allowed if, on repeating the experiments, the colours here 
mentioned ſhould not accurately correſpond with his own names 
of them. a 


I. ACTIVITY or THE RETINA IN VISION. 


From the ſubſequent experiments it appears, that the retina 
is in an active not in a paſlive ſtate during the exiſtence of 
theſe ocular ſpectra; and it is thence to be concluded, that all 
viſion is owing to the activity of this organ. 

I. Place a piece of red ſilk, about an inch in diameter, as in 
fig. 1. (Tab. IX.) on a ſheet of white paper, in a ſtrong light; 
look ſteadily upon it from about the diſtance of half a yard fora 
minute; then clofing your eyelids cover- them with your 
hands, and a green fpeftrum will be ſeen in your eyes, reſem- 
bling i in form the piece of red filk : after ſome time, this ſpec - 
trum will diſappear and ſhortly re- appear; and this alternately 
three or four times, if the experiment is well made, till at 
length it vaniſhes entirely. 
2. Place on a ſheet of white paper a circular piece of blue 
filk, about four inches in diameter, in the ſunſhine; cover 
the center of this with a circular piece of yellow ſilk, about 
three 
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Ae inthes 3 in didetter 4 — the aeg. the . filk with 
à cirele of pink ilk, about two inches in diameter; and the 
center of the pink filk with a circle of green filk, about one 
inch in diameter; and the center of this with a circle of f in- 
digo, about half an inch in diameter ; make a ſmall ſpeck with. 
ink in the very center of the whole, as in fig. 2.; look ſteadily 
for a minute on this central ſpot, and then cloſing your eyes, 
and applying your hand at about an inch diſtance before them, 
fo as to prevent too much or too little light from paſſing 
through the. eyelids, you will ſee the moſt beautiful circles of 
colours that imagination can conceive, which are moſt reſem- 
bled by the colours occaſioned by pouring a drop or two of oil 
on a ſtill lake in a bright day; but theſe circular iriſes of co» 
lours are not only different from the colours of the filks above- 
mentioned, but are at the ſame time perpetually changing as 
: 1 as they exiſt. 
3. When any one in the dark prefies either corner of his 
eye with his finger, and turns his eye away from his finger, he 
will ſee a circle of colours like thoſe in a peacock's tail: and a 
ſudden flaſh of light is excited in the eye by a ſtroke on it. 
(Newron's Opt. Qu. 16.) 

4. When any one turns round rapidly on one 62 till he 
becomes dizzy and falls upon the ground, the ſpectra of the 
ambient objects continue to preſent themſelves in rotation, or 
appear to librate, and he ſeems to behold them for ſome time 
ſtill in motion. 

From all theſe experiments it appears, that the ſpectra i in 
the eye are not owing to the mechanical impulſe of light im- 
preſſed on the retina, nor to its chemical combination with 
that organ, nor to the abſorption and emiſſion of light, as is 


obſerved in many bodies: for in all theſe caſes the ſpectra muſt 
5 either 
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w and this i its fibrous conſtruction became ſtill more diſtinct to the 


7 gh ——— or beate mhh: ud r 

their ahetnate preſente and evane CenCcet as in the fieſt- experi. 
ment, nor the perpetual - changes of their colours as in the 
' Teconid, nor the flaſh of light or colours in the preſſed eye as 
in the thitd, nor the rotation or Ebrution of — — as in 
thte fourth, could exist. ee eig 775% | 
It is not abfurd to conceive, thiat the retina / may be . 
lated into motion, as well as the red and white muſcles which 
form © our limbs and veſſels; fince it confiſts of fibres, like 
"al intermixed with its medullary ſubſtance. To evince 
is ftructure, the retina of an ox's eye was ſuſpended in a 
jp of warm water, and foteibly torn in a few places; the 
edges of theſe parts appeared jagged and hairy, and did not 
contract, and become ſmooth like ſimple ' mucus,” when it is 
dliſtendedd till it breaks; which ſhews that it conſiſts of fibres; 


35 fight, by adding ſotne cauſtic alkali to the water, as the ad- 
hering mucus was firſt eroded, and the hair-like fibres remained 
floating in the veſſel. Nor does the degree of tranſparency of 
the retina invalidate the evidence of its fibrous ſtructure, fince 
LEEUWENHOEK has ſhewn that the cryſtalline humour itſelf 
conſiſts of fibres. (Arcana Naturz, V. 1. p. 7 
Hence it appears, that as the muſcles have larger fibres 
intermixed with a ſmaller quantity of nervous | medulla, 
the organ of viſion has a greater quantity of nervous me- 
dulla intermixed with ſmaller fibres; and it is probable, that 
the tocomotive muſcles, | as well as the vaſcular ones, of mi- 
crofcopic animals have much greater tenuity — theſe of the 
retina. 
And befides the ſimilar laws, which: will be ſheum in this 


Paper to govern alike the actions of the retina and of the 
muſcles, 


eder. there are" many ihe v which cit es o 


= both. act nearly in the ſame quantity of time, are alike 
ſtrengthened or fatigued by exertion, are alike painful if ex- 


WAN room, the iriſes of his eyes expand thernſelves | to their 


them. They are both originally excited into. action by irrita- 


cited into action when they are in an inflamed ſtate, are * 
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11, OF SPECTRA FROM DEFECT OF SENSIBILITY. 


he retina is not ” 2 excited into aftion by. 
r having tres lately fa e fo greater... 


45 irritation | 


1. When any one paſſes from the bright daylight f into ry 


utmoſt extent in a few ſeconds of time; but it is very long | 
before the optic nerve, after having been ſtimulated by the 
greater light of the day, becomes ſenſible of the leſs degree of 


it in the room; and, if the room is not. too obſcure, the iriſes 


will again contract themſelves i in ſome * as ; the ſenſi. 
bility of the retina returns. 

2. Place about half an inch ſquare 4 white paper on a black 
hat, and looking ſteadily on the center of it for a minute, re- 


maye your eyes. to a ſheet of white paper.; and after a ſecond 


or two a dark ſquare will be ſeen on the white paper, which 
will continve ſome time. A ſimilar dark ſquare will be ſeen i in 
the cloſed eye, if light be admitted through the eye-lids.. CES 

So after looking at any luminous object of a ſmall fize, as. 
at the ſun, for a ſhort time, ſo as not much to fatigue the 
eyes, this part of the retina becomes leſs ſenfible to ſmaller. 
quantities. of ligbt; hence, when the eyes are turned on other 


leſs luminous parts of the ſky, a a dark ſpot is ſeen reſembling 
5 the : 
I 


de maße of the ſan, of Aer Torbindds: object "—_ We 1 | 
 Shald:* This is the utes of oe Kind of the dafk coloured 
muſe wolitanites. If this dark ip pot lies above the center of the 
eye, we turn our eyes that ways expecting to bring it into the 
center of the eye, that we may view it more diſtinctiy; and in 
this caſe the dark ſpectrum ſeems to move upwards. If the 
dark ſpectrum i is found beneath the center of the eye, we pur- | 
Fg ſue it from the ſame motive, and it ſeems to move downwards. 
This has given riſe to various conjeftures of ſomething floating 
in the aqueous humours of the eyes; but whoever, in attend- 
ing to theſe ſpots, keeps his eyes unmoved by looking ſteadily 
at the corner of a.cloud, at the ſame time that he obſerves the 
[ dark ſpectra, will be thoroughly convinced, that they Have no 
motion but. what is given to them by the movement of our 

eyes in purſuit of them, Sometimes the form of the ſpectrum, 
To when | it has been received from a circular luminous body, will 
become oblong; and ſometimes it will be divided into two cir- 
cular ſpedtra, which is owing to our changing the angle made 
by the two optic axiſes, according to the diſtance of the clouds 
or other bodies to which the ſpectrum is ſuppoſed to be conti- 
guous. The apparent ſize of it will alſo be variable according 

to its ſuppoſed diſtance ; but when ſuch a ſpectrum 1 is received 
with only one eye, the other being covered, its yore and num- 
ber are invariable. 
As theſe ſpe&ra are more eaſily obſervable when our eyes are 

alittle weakened by fatigue, it has frequently happened, that 
people of delicate conſtitutions have been much alarmed at 
them, fearing a beginning decay of their fight, and have 
thence fallen into the hands of ignorant oculiſts ; but I believe 
they. never are a prelude to any other diſeaſe of the eye, and 
that it is from habit alone, and our want of attention to them, 
7 that 
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that Gs not ſee them on all objects every bour of. our Wes. 
But as the nerves of very weak people loſe their ſenſibility, in 
the ſame manner as their muſcles loſe their activity, by a ſmall 
time of exertion, it frequently happens, that ſick people in the 
extreme debility of fevers are perpetually employed in picking 
ſomething from the bed- cloaths, occaſioned by their miſtaking 
the appearance of theſe muſcæ volitantes 1 in their eyes. Bxxvz- 
xuTo CELINI, an Italian artiſt, a man of ſtrong abilities, re- 


with ſome companions and a conjurer, and performed many 


Rome, and looking up when the ſun began to riſe, they ſaw 
numerous devils run on the tops of the houſes, as they paſſed 
along; ſo much were the ſpectra of their weakened eyes mag- 
nified by fear, and made ſubſervient to the purpoſes of fraud 
or ſuperſtition. (Life of Bxx. CELIxI. ) 

3. Place a ſquare inch of white paper on a r piece of 
ſtraw- coloured ſilk; look ſteadily ſome time on the white 


part of the retina, having been ſome time expoſed to the ſtimu» 


to a ſmaller quantity of it, and therefore fees only the ei 
rays in that part of the ſtraw· coloured ſilk. 
Facts ſimilar to theſe are obſervable in other parts of our 


poſed to the cold, and then both of them immerſed in ſubtepid 
water, the water is perceived warm to one hand, and cold to 
the other; and we are not able to hear weak ſounds for ſome 


time after we have been expoſed to loud ones; and we feel a. 
| chillmeſs 
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lates, that having paſſed the whole night on a diſtant mountain 


ceremonies to raiſe the devil, on their return in the morning to 


| Paper, and then move the center of your eyes on the filk, and 
a ſpectrum of the form of the paper will appear on the 1 
of a deeper yellow than the other part of it: for the central 


lus of a greater quantity of white light, is become leſs ſenſible 
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ſyſtem: thus, if one hand be made warm, and the other ex- 
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| #ker having been ſors time comſined in a very: warm room 
auch hende the ſtomach, and other: organs of digeſtion, of 
these who have been habituated to the greater ſtimulus: of ſpi. 
. Hitvous liquor, are not excited into their due action by the leſi 
— of common ſod alone; of which the immediate con · 
„ 19 . and — m. 


n.. « OF SPECTRA FROM EXCESS OF SENSIBILITY. 


The retina is more + eaſily excited into action 2 greater irritatim 
de having been lately ſubjefed to leſs. | 


1. If the eyes are cloſed, and covered perfeatly 0 a hat, 
for a a minute or two, in a bright day; on removing the hat a 
ted or critnſon light is ſeen through the eye-lids. In this ex- 
periment the retina, after being ſome time kept in the dark, 
becomes ſo ſenſible to a ſmall quantity of light, as to perceive 
diſtinctly the greater quantity of red rays than of others which 
paſs through the eye-lids. A ſimilar coloured light is ſeen to 
paſs-through the edges of the fingers, when the open hand! is 
oppoſed to the flame of a candle. — 

2. If you look for ſome minutes ſteadily on a window in 
the beginning of the evening twilight, or in a dark day, and 
then move your eyes a little, ſo that thoſe parts of the retina, 
on which the dark frame-work of the window was delineated, 
may now fall on the glaſs part of it, many luminous lines, 
repreſenting the frame-work, will appear to lie acroſs the olaſs 
panes : for thoſe parts of the retina, which were before leaſt 
ſtimulated by the dark frame - work, are now more ſenſible to 
Jt 
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ſpot, than of the other parts which had received the white 


of the meridian or the morning or evening light. 


the more luminous parts of the window. 

3. Make with ink on white paper a very black Got Sr 
Half an inch in diameter, with a tail about an inch in length, 
ſo as to repreſent a tadpole; look ſteadily for a minute on this 


ſpot, and, on moving the eye a little, the figure of the tadpole 


will be ſeen on the white part of the paper, which figure of 
the tadpole will appear whiter or more luminous than the other 


parts of the white paper; for the part of the retina on which 


the tadpole was delineated, is now more ſenſible to light than 


the other parts of it, which were expoſed to the white paper. 


This experiment is mentioned by Dr. IXwix, but is not by 
him aſcribed to the true cauſe, namely, the greater ſenſibility 
of that part of the retina which has been expoſed to the black 


field of paper, which 1 is put beyond a doubt by the next ay 


riment. 


4. On 4 ha eyes after viewing the black FEY on the 


white paper, as in the foregoing experiment, a red ſpot is ſeen 


of the form of the black ſpot : for that part of the retina, on 
which the black ſpot was delineated, being now more ſenſible 


to light than the other parts of it, which were expoſed to the 


white paper, is capable of, perceiving the red rays which pene- 


trate the eyelids: If this experiment be made by the light of 


a tallow candle, the ſpot will be yellow inſtead of red ; for 
tallow candles abound much with yellow light, which paſſes 
in greater quantity and force through the eyelids than blue 
light ; hence the difficulty of diſtinguiſhing blue and green by 


this kind of candle light. The colour of the ſpectrum may 


poſlibly vary in the day light, according to the different colour 
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the red light, which paſſed through the eyelids, was percepti- 


17 Bier 1 in the Berlin Memoires; V. U. 7715 ob 
that, when he held a bodk ſo that the ſun ſhone upon hi 
half. clofed eyelids, the black letters, which he had long in- 
ſpected, became red, which muſt have been thus occaſioned. 
Thoſe parts of the retina whieh had received for ſome time 
the black letters, were ſo much more ſenſible than thoſe parts 
which had been oppoſed to the white paper, that to the former 


ble. There is a ſimilar tory told, I think, in M. DE Vol TAnEs 
Hiſtorical Works, of a Duke of Tuſcany, who was playing 
at dice with the general of a foreign army, and, believing he 
ſaw bloody ſpots upon the dice, portended dreadful events, and 
retired in confuſion. The obſerver, after looking for a minute 
on the black ſpots of a die, and careleſſly cloſing his eyes, on 
a bright day, would ſee 4 image of a die with red ſpots upon 
| it, as above explained. e 
5. On emerging "I a dark cavern, ' where we have long 
ious, the light of a bright day becomes intolerable to the 
eye for a conſiderable time, owing to the exceſs of ſenſibility 
exiſting in the eye, after having been long expoſed to little or 
no ſtimulus. This occaſions us immediately to contract the 
iris to its ſmalleſt aperture, which becomes again gradually 
dilated, as the retina becomes accuſtomed to the greater ſtimulus 
of the daylight. 5 
The twinkling of a bright ſtar, or of; a diſtant ende! in | the 
night, is perhaps owing to the ſame cauſe. While we con- 
tinue to look upon theſe luminous objects, their central parts 
gradually appear paler, owing to the decreaſing ſenſibility of 
the part of the retina expoſed to their light; whilſt, at the 
ſame time, by the unſteadineſs of the eye, the edges of them 


are I falling on * of the retina that were juſt 
before 


| before pot te che darkneks of 2 per therefore ten- 
fold more ſenſible to light than the part on which the ſtar or 
candle had been for ſome time delineated. This pains the eye 
in a fimilar manner as. when we come ſuddenly from a dark 


room into bright daylight, and gives the appearance of bright 8 


ſcintillations. Hence the ſtars twinkle moſt when the night is 
darkeſt, and do not twinkle through teleſcopes, as obſerved by 
Mv$$CHENBROECK;; and it will afterwards be ſeen why this 
twinkling is ſometimes of different colours when the object is 
very bright, as Mr. MEeLviLL obſerved in looking at Sirius. 
For the opinions of others on this ſubject, ſee Dr. PRIESTLEY's 5 
valuable Hiſtory of Light and Colours, p. 494 
Many facts obſervable in the animal ſyſtem are kinder to 
| theſe; as the hot glow occaſioned by the uſual warmth of the 
| air, or ourcloaths, on coming out of a cold bath ; the pain of 

the fingers on approaching the fire after having handled ſhow ; 
and the inflamed heels from walking in ſnow. Hence thoſe 
who have been expoſed to much cold have died on being 
brought to a fire, or their limbs have become ſo much in- 
flamed as to mortify. Hence much food or wine given ſud- 
denly to thoſe who have almoſt periſhed by hunger has de- 
ſtroyed them; for all the organs of the famiſhed body are now 
become ſo much more irritable to the ſtimulus of food and 
wine, which they have long been deprived of, that inflamma- 
tion 1s excited, which terminates in gangene 1 


vu z 1 


exceſs of light produces pain, not viſion. 
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: the retma into 


oe colours excites. the perfect action of the retina in viſion; for 


very quick motions are imperceptible to us, as well as very 
ſlow ones, as the whirhng of a top, or the ſhadow on a ſun- 
dial. So perfect darkneſs does not affect the eye at all; aud 


Y 


7. When a fire-coal is whirled round in the Frey a lucid 
cel remains a conſiderable time in the eye; and that with ſo 
much vivacity of light, that it is miſtaken for a continuance of 
the irritation of the object. In the ſame manner, when a 
fiery: meteor ſhoots acroſs the night, it appears to leave a — 
lucid train behind it, part of which, and perhaps ſometimes 
the whole, is owing to the continuance of the action of the retina 
after having been thus vividly excited. This is beautifully 
| Huſtrated by the following experiment: fix a paper Fail, three 
or four inches in diameter, and made like that of a ſmoke jack, 
in a tube of paſteboard; on looking through the tube at a 
diſtant proſpect, ſome disjointed parts of it will be ſeen 
through the narrow intervals between the ſails; but as the fly 
begins to revolve, theſe intervals appear larger; and when it 
revolves quicker, the whole proſpect is ſeen quite as diſtinct: 
as if nothing intervened, though leſs luminous. 

2. Look through a dark tube, about half a yard long, at 
the area of a yellow circle of half an inch diameter, lying . 
upon a blue area of double that diameter, for half a minute; 

1 and 
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and on eldfing yo: eyes the colours of the ſhe@rruts will appear | 
Kinſley e9 ths! two arens, as in ſig 3.3 but if the rye is kept 


reverſe of thoſe upon the paper, that is, the internal circle 


attention is required in making this experiment. 
3. Plate the bright flame of a ſpermaceti candle baker. 2 
black objedt | in the night; Iook ſteadily at it for a Mort time, 
till it is obferved. to become ſomewhat paler; and on cloſing 
the eyes, and covering them carefully, but not ſo as to. compreſs - 
them, the i image of nen candle, _ cnntingy Aae 
to be viſible. 

4. Lock ſteadily, 6 a ſhort une at 3 Abe ans 
day, as in Exp. 2. S. III. and then clofing your eyes, and 
covering them with your hands, an exact delineation of the 
window remains for fome time viſible in the eye. This expe- 


if the eyes are fatigued by looking too long on the window, or 
the day be too bright, the luminous parts of the window wall: 
appear dark in the ſpectrum, and the dark parts of the frame-- 
work will appear luminous, as in Exp. 2. S. 117. And it is 
eren difficult for many, who firſt try this experiment, to per- 


ſenſations. 


The ſpectra ben in A ſection, termed direct ocular 
ſpectra, are produced without much fatigue of the eye; the 


quantity of light being not ſo great as to produce any degree of 
uneaſineſs in the organ of viſion ; which diſtinguiſhes them 
from 


4 4 
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too long upon them, the colours of the ſpectrum will be tho 


will becbme blue, and 'the external ares yellow; Hepen * : 


riment requires a little practice to make it ſueceed well; fince, 


cave the ſpectrum at all; for any hurry of mind, or even too 
preat attention to the ſpectrum itſelf, will diſappoint them, till: 
they have had a little experience in attending to ſuch ſmall: 


| tritation of the luminous object being ſoon withdrawn, or its 


PS material | is withdrawn. 


= riments on * 
from n Au or ocular leis; which a are the date 
| quence of fatigue. Theſe direct ſpectra are beſt abſerved i in 
ſuch circumſtances that no light, but what comes from the 
| objet, can fall upon the eye; as in looking through a tube, 

of half a yard long, and an inch wide, at a yellow paper on 
the ſide of a room, the direct ſpectrum was eaſily produced on 
clofing the eye without taking it from the tube: but if the 
lateral light i is admitted through the eye-lids, or by throwing 
the ſpectrum on white paper, it becomes a reverſe ſpectrum, 
; as will be explained below. 
Tue other ſenſes alſo retain for a tine the ellen that 

1 have been made upon them, or the actions they have been ex- 
cited into. So if a hard body is preſſed upon the palm of the 
hand, as is practiſed in tricks of legerdemain, it is not eaſy to 
diſtinguiſh for a few ſeconds whether it remains or is removed; 
and taſtes continue long to exiſt vividly in the mouth, as the 


ſmoke of tobacco, or the taſte of * after the 1 


v. bl quanti ty of aal ſomewhat greater than the aft men- 
tioned excites the retina into Jpaſmodic action, which ceaſes and 
FECUTS alternately. 1 


I. On looking for a time on the ſetting ſun, fo as not 
greatly to fatigue the ſight, a yellow ſpectrum is ſeen when 
the eyes are cloſed and covered, which continues for a time, 
and then diſappears, and recurs repeatedly before it intirely 
vaniſhes, This yellow ſpectrum of the ſun when the eye- 
lids are opened becomes blue ; and if it is made to fall on the 
green graſs, or on other coloured objects, it varies its own 

colour 


122 by an- | intermixture 6 of thein, = de explained in 


Exp. '3-3 and on cloſing your eyes a reddiſh ſpectrum wil by 
— which will ceaſe and return alternately. 

The action of vomiting in like manner ceaſes, and is 
e by intervals, although the emetic drug is thrown up 
with the firſt effort: fo after-pains continue ſome time after 


are renewed for ſome time after it is cleared from 1 its blood. 


* 


VL | or REVERSE OCULAR SPECTRA. 


ſpaſm dic action. 
The actions of every part * animal bodies may be advan- 


| tributes much to the inveſtigation of truth; while thoſe looſer 


| inquiries, 


1 22 : 


Mel Place a lighted nee AE in | the fe about one 
foot from your eye, and look ſteadily on the center of the 
game, till your eye becomes much more fatigued than in S. IV. 


parturition ; and the alternate pulſations of the heart of a viper 


The retina after having * ith into aũl ian by a finale | 
ſomewhat greater than the * 2 * into oppoſite 


tageouſly compared with each other. This ſtrict analogy con- 


analogjes, which compare the phænomena of animal life with 
thoſe of chemiſtry or mechanics, only ſerve to miflead our 


When any of our _ muſcles have been in long or in 
violent action, and their antagoniſts have been at the ſame 
time extended, as ſoon as the action of the former ceaſes, the 
limb is ſtretched the contrary way for our caſe, and a pandicu- 
lation or yawning takes place, 


7 


"= . a e 
By t the following essen ii ovary that 2 findilar- cies 
cumſtance obtains in the organ of viſion ; after it has been 
fatigded by one kind of , it * wg nN * 
oppo fite kind. 
"Fc BROG'k TO of een al, "Ru an inch in — 
on 4 ſheet of white paper, about half a yard from your eyes; 
look ſteadily upon it for a minute; then remove your eyes 
upon another part of the white paper, and a ſpectrum will be 
ſeen of the form of the ſilk thus inſpected, but of a colour 
oppoſit te to ft. A ſpectrum nearly fimilar will appear if the 
eyes are cloſed, and the eyelids ſhaded by approaching the 
hand near them, fo as to permit ſome but to prevent too 
—_ Hght falling on them. 
Red ſilk produced a green n 
Green produced a red one. 
Orange produced blue. 
Blue produced orange. 
Yellow produced violet. 
Violet produced yellow. 
k That in theſe experiments the colours of the ſpectra are the 
reverſe of the colours which occaſioned them, may be ſeen 
by examining the third figure in Sir Is A ac NxwTrox's Optics, 
1 p. 1. where thoſe thin laminæ of air, which reflected 
yellow, tranſmitted violet ; thoſe which reflected red, tranſ- 
mitted a blue-green ; and fo of the reſt, agreeing with the 
experiments above related. 
24. Theſe reverſe ſpectra are ſimilar to a colour, Was by 2 
combination of all the primary colours except that with which 
the eye has been fatigued in making the experiment: thus the 
reverſe ſpectrum of red muſt be ſuch a green as would be pro- 


duced by a combination of all the other priſmatic colours. 
To 


% 


125 . 5 1 
To: einen this fact the following ſatis factory expetiqent” vn 2 
made; The prifmatic colours: were aid on a circular paſteboard 4Y 
wheel; about four inches-in diameter, in the: proportions de- 
ſeribed in Dr. ParesTLEY's Hiftory of Light and Colours, 
pl. 12. fig. 83. except that the red compartment was-intirely 
left out, and the others proportionably extended ſo as to com- 
plete the circle. Then, as the orange 1s a mixture of red and 
yellow, and as the violet is a mixture of red and indigo, it bo- 
came neceſſary to put yellow on the wheel inſtead of orange, and 
indigo inſtead of violet, that the experiment might more 
exactly quadrate with the theory it was deſigned to eſtabliſh or 
| confute; becauſe in gaining a green ſpectrum from a red ob- 
ject, thei eye ĩs ſuppoſed to have become inſenſible to red light. 
This wheel, by means of an axis, was made to whirl like a 
top; and on its being put in motion, a green colour was pro- 
duced, correſpondi 4 conc — exactneſs to the reverſe pee 
trum of red. 
1 ee any one of theſe reverſe e beta in the 
cloſed and covered eye, it diſappears and re- appears ſeveral times 
fuceeffively, till at length it intirely vaniſhes, like the direct 
ſpectra in ſect. v.; but with this additional cireumſtanee, that 
when the ſpe&rum becomes faint or evaneſcent, it is inſtantly 
revived by removing the hand from before the eyelids, fo as to 
admit more light: becauſe then not oaly the fatigued part of 
the retina is inclined ſpontaneouſly to fall into motions of a 
contrary direction, but being ſtill ſenſible to all other rays of 
light, except that with which it was lately fatigued, is by 
theſe rays at the ſame time ſtimulated. into thoſe motions 
which form the reverſe ſpectrum. 
From theſe experiments there is reaſon to conclude, that the 
fatigued part of the retina throws itſelf into a contrary mode 
Vorl. LXXVI. XX of 


Joc which has fatigued ia — eee Qi res 
minus ſenſihle, that üs, liable to be excited into action by any 
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13. On 5 rig at the e 1 1 as long as. the eyes ns 


; well bear its brightneſs, the diſc firſt becomes pale, with;a,lumi- 


nous creſcent, which ſcems to librate from, or edge of it to 


1 the other, owing to the unſteadineſs of the eye; then the 
whole phaſis of the ſun becomes blue, ſurrounded x with a white 
halo; and on cloſing the eyes, and covering them with the 


amen into a blue one. 


* 


that the impreſſion i in his e eye firſt aſſumed a yellow appearance, 

and then green, and then blue; and wiſhes to aſcribe theſe 

appearances to ſome affection of the nerves. eee on 
the Eye, Vol. I. P 343) * 

8 18· Kfer looking, ficadily « on Ss 4 an 11 2 of 0 

alk, placed on white paper, in a bright ſunſhine, at the dil- 

tance of a foot from my eyes, and clofing. and. covering my 


eyelids, the ſpectrum of the ſilk was at firſt a dark green, and 


the ſpectrum of the white paper became of a pink. The 


ſpectra then both diſappeared; and then the internal ſpectrum 


Was blue; and then, after a ſecond diſappearance, became yellow, 
Gn 5 and 


i. The retina after loving b. foie excited into „e by a fl "*Y 
— can greater than the "We mentioned yrs into nn : 
" foreaſFoe fpaſmedic e 1 1 ns 10 Bro}: Bibi 


hands, a yellow ſpectrum 1s n which 1 in a little time I 


M. vs La Hize obſerved, _ 3 at the bright fun 
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5 Ae 
of "Ural coloured y ipefira 4 were 5 
. the Pay in | the different experiments, though lee, >, 
as near as could be, with the ſame quantity of light, and 
a other fimilar circtmſtances ; 1 owing, I ſuppole, to trying too” 
I many experiments at a time; ſo that the eye was not quite | 
free from the . of the colours which were previoully | 
attended to. . | 
The alternate exertions of the retina in the preceding ſeQtion 
reſembled the oſcitation or pandiculation of the muſcles, as 
they, were performed i in directions contrary to each other, and 
were the confequence of fatigue rather than of pain. And 
in this they differ from the ſacceffive diffimilar exertions of 
the retina, mentioned in this ſection, which reſemble in mi- 


niature the more violent agitations of the limbs in convulſive 


which diſeaſes are perhaps, at firſt, the conſequence of pain, 
and have ok re afterwards eſtabliſhed FE habit. 
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VIII. Len aj, er es born *** into „abe why a ds | 
Somewhat . greater | than the laſ mentioned, falls into a ues: 
Jpaſmodic adtlon, which continues or Some 4. - 


i; After having looked long at the 8 ſun, f in making 


pale blue, 1 frequently obſerved a bright blue ſpectrum of the N 


conſtantly occurred when! attended to it, and frequently when 
1 did not previouſly attend to it. When I cloſed. and covered 
| Xx2 my 


1 
= 
: * 


ſome of the preceding experiments, till the diſcs faded into a. 


ſun on other objects all the next and the ſucceeding, day,, which | 


* a 
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diſeaſes, as epilepſy, chorea 8. Viti, and opiſthotonos; all 5 
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mixed with the 


| . c 


brats file on ah 33 abjetts; but a as a yellowiſh be. 


trum was alſo ſeen in the choſed and covered eye, there can 
remam no doubt of this being the ſpectrum of the fun, A 
ſimilar appearance was obſerved by M. Erinus, which he 
acknowledges he could give no account of. (Nov. Com. Petrop. 


V. 10, p. 2. and 6.) bo 
| The locked jaw, and 3 mere palme, are refembled 


by this phænomenon; ; and from bence we may learn the dan- 
ger to the by . * luminous * too loog a 
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Temporary paralyfi of ihe * 7 viſio. 


1. Place a circular piece o of bright red mY about half an 


inch in diameter, on the middle of a ſheet of white paper ; 


red filk will gradually 50 
red at all. 


2. Similar to thele are many other animal filds; as purges, 
opiates, and even poiſotis, and contagivus matter, ceaſe to 


ſtimulate our fyſtem, after we have been habituated to their 
uſe. So ſome people ſleep undiſturbed by a clock, or even by 


a forge hammer in their neighbourhood : and not only conti- 
nord irtitations, but violent excttions of any kind, are fucceeded 


= ke. TOY hs pee 6f a aan nb; ; And * other mei 
| colours of other abje As on. which it wit” 
* _ be Br N that this part of the. retina 1 was 


lay them on the floor in a bright funſhine, and fixing your 
eyes ſteadily on the eenter of the red circle, for three or four 
mimutes, at the diſtance of four or fix feet from the object, the 


ne paler, and Bally ceaſe to appear 


by 


* 0 * — 5 
a. ad . * 


; | ets of Li ch * „ 
1 and continues ſor 2 time cles; and it 115 probable 


that thoſe who have periſhed ſuddenly in fwimmin g. ot in | 
ſeating on the ice, have owed their. deaths to the paralyſis, or | 
extreme fatigue, which ſucceeds: Rar * and ten | 
exertion. PTY | | 
& Sie rig iS MISCELLANEOUS REMARKS. 1 | | 
There were ſome circumſtances occurred in making theſes 8 | | 

experiments, which were hable to alter the reſults of them, 

| and which I ſhall here mention for the aſſiſtance of others, who | | 
wy with to — . 5 | 
I. Of & diret and inverſe Pear exi "= ing at the fame time; of | 
reciprocal direct Hectra; of a combination of direct and inverſe | 
ſpefira ; of a ſpeetral halo; rules to . the colours of = 
Helira. 3 _ | 
4. When an area, 1528 fix 1 an of bright kek 1 | 
— paper, had been viewed on an area, about a foot ſquare, 1 
of white writing paper, the internal ſpectrum in the cloſed ee 
was green, being the reverſe ſpectrum of the pink paper; and =. 


the external ſpectrum was pink, being the direct ſpectrum of the 1 
pink paper. The ſame circumſtance happened when the in- 1 
ternal area was white, and external one pink; that is, the 
internal ſpectrum was pink, and the external one green. All 
the ſame appearances occurred when the pink paper was * 
on a black hat. 

b. When fix inches — of deep. violet poliſhed paper v Was 
viewed on a foot ſquare of white writing paper, the internal 


ſpectrum 


_ De. Darms Reimen on be. 

(peru, was 0 „being the reverſe ſpe arum of the, violet 
paper, aud the 2 one \ ed being the . . 
of the violet bl 


b TH © 11 x7 i S 
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7s de. When x inches fquare of pink. paper was eee of on a, oo 


ſquare of. blue paper, the internal ſpectrum was blue, and the 
external ſpectrum was pink; ; that is, the internal one was, the 


direct ſpectrum of the external object, and the external one was 


the direct ſpectrum of the internal object, inſtead of their being 
each the reverſe fpe&rum of the 6bjects they belonged to. 
[2 Nn fix. inches ſquare of blue Paper were viewed on a 
foot ſquare of yellow paper, the interior ſpectrum became a 
brilliant. 3 and the exterior one a brilliant blue. The 


vuoivacity of the ſpectra was owing to their being excited both by 


8 ternal ſpectrum was green, with a reddiſh- blue halo. When 


the ſtimulus of the interior and exterior objects; ſo that the 
interior yellow ſpectrum was. both the reyerſe ſpectrum of the 
blue paper, and the direct one of the yellow paper; and the 
exterior blue ſpectrum was both the reverſe ſpectrum of the 

yellow paper, and the direct one of the blue paper. 
e. When the internal area was only a ſquare half-inch of 
red paper, laid on a ſquare foot of dark violet paper, the in- 


the red internal paper was two inches ſquare, the internal 
ſpectrum was a deeper green, and the external one redder 
When the internal paper was fix inches ſquare, the ſpectrum 
of 'it became —_ and the on of the external ar" was 
red. Fe . 

wh When. a et half wit 0 "EM paper Was laid on a ſix · 
mech ſquare of yellow paper, the ſpectrum of the central paper 
in the cloſed eye was yellow, incircled with a blue halo. On 
looking long on the meridian we his diſc fades into a n blue 
urrounded with a a whitiſh halo. ehe 200 K 


* — Ebenen. 237 
| Theſs «circumſtances, thapgh: they. very, much perplexed the, 


experiments, till they were inveſtigated,” admit of a farisfacto PH, 4 


explanation 3 for while the rays, from the bright inteynal 9 


ob⸗ 


retina, and, by fatiguing that part i= 7 induce the, reverſe 


ſuch, quantity, as, to, occaſion, much fatigue, and hence induce 


eye. The ſame reveple an and direct ſpectra occur from the 1 violet 


» wed 1 ; 


paper in exp. G.;: and in exp. c, the ſcattered rays. from the 


central pink pa] er. produce A direct ſpectrum of this colour on 
tered rays. from | 


the external parts of the eye, while the 


| I1331Y; E455 


the ke external blue paper produce a direct ſpęctrum of that colour 


on the central part of the eye, inſtead of. theſe parts of MG 


retina falling reciprocally into their reverſe, ſpectra, In exp. d 
the colours being the xeverſe « of each other,. the, | ſcattered "rays 
from the exterior object falling on the central parts of th ic eye, 


and there exciting their direct ſpectrum, at „the ! f ame ti time that. 


"31 Cit Tt; 
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object, and this direct a and reverſe ſpectrum being of ſimilar 
colour, the. ſuperior brilliancy of this ſpeQrom. was produced. 
In exp. e. the effect of various quantities of fimulus on. the 
retina, from the different reſpectiye ſzes of the Anternal, and 


13 
external areas, induced a ſpectrum of the internal: area in the 


center of the eye, combined of the reverſe ſpedtrura « of that in- 


ternal area and the direct one of the external area, in various 
ſhades of K colours. from a yl enen to. A 4 — blue, 2 mi- 


inſtead of the — of the ae of the. external 375 
being 


ject in exp · a, fall with, their full f orce on the, center. of ms | 


ſpectrum, many, ſcattered. rays, from the fame interpal pink f 
paper, fall on the more external parts of the retina,. but, 5 not in 


the direct ſpectrum of * pink, colour in thoſe parts of the 


the retina was excited into a reyerſe ceectrum by the central 


3 | being te. averſe ins the — the: internal object, un a * 
of Halo, ot radiatit of colour, fimilar to that of the internal 
object, Was ſpread's little way on the extertial ſpe&ttom. For 
_ this internal blue area being fo fall, the ſcattered rays from it 
extended but a little way on tlie image of the external area of 


yellow paper, and could therefore | ay" a ns: "kn 
_ Found the yellow ſpectrum i in the center. 


exterior coloured object do not intermix with the rays from the 
interior coloured object, and thus affect the central part of the 
eye, let him lock through an opake tube, about two feet in 
leggch, and an inch in diaineter, zt 2 coloured wall of a room 
With one eye, and'with the other eye naked; and he will find, 
chat by ſhutring « out the lateral light, the area of the wall feen 
through a tube appears as if illuminated by the ſunſhine, com- 
pared with the other parts of it; from whene ariſes the advan 
3 tage of looking through a dark tube at diftant paintings. 
Hence we may ſafely deduce the following: rules to — 
before hand the colours of alt ſpectra. 1. The dire? pettrum 


= objett i in the unfatigued eye. 2. With ſome lateral light it 
FF becomes of a colour combined of the direct ſpectrum of the 
= central object, and of the eircumjacent objects, in proportion 
i to their reſpective quantity and brilliancy. 3. The reverſ 
| ſpefirum without lateral light is a repreſentation m the fatigued 
eye of the form of its objects, with ſach a colour as would 
be produced by all the primary colours, except that of the ob- 
jet. 4. With lateral light the colour 1 is compounded of the 
reverſe ſpectrum of the central object, and the direct ſpectrum 


of the circumjacent __—_ in Proportzon! 1 to n _— 
quantity and brilliancy, * 


7 | II. 


Ik any one fhiduld fuſpect that the ſcattered rays ben th 


' without: any lateral tiphe is an e repreſentation of its 
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The reverſe Ain. as has 1 W — 18 Grai- 5 


lar to a colour, formed by a combination of all the primary 
colours, except that with which the eye has been fatigued in 
making the experiment: ſo the reverſe ſpectrum of red is ſuch 
a green as would be produced by a combination of all the other 
priſmatic colours. Now it muſt be obſerved, that this reverſe 
| ſpectrum of red is therefore the direct ſpectrum of a combina- 
| tion of all the other priſmatic colours, except the red; whence, 
on removing the eye from a piece of red filk. to a ſheet of 
white paper, the green ſpectrum, which is perceived, may 
either be called the reverſe ſpectrum of the red filk, or the 
direct ſpectrum of all the rays from the white paper, except 
the red; for in truth it is both. Hence we ſee the reaſon why. 
it is not eaſy to gain a direct ſpectrum of any coloured object 
in the day-time, where there is much lateral light, except of 
very bright objects, as of the ſetting ſun, or by looking 
through an opake tube; becauſe the lateral external light 

| falling alſo on the central part of the retina, contributes to 
induce the reverſe ſpectrum, which is at the ſame time the 
direct ſpectrum of that lateral light, deducting only the colour 
of the central object which we have been viewing. And for the 
ſame reaſon, it is difficult to gain the reverſe ſpectrum, where 
there is no lateral light to contribute to its formation. Thus, 
in looking through an opake tube on a yellow wall, and cloſing 
my eye, without admitting any lateral light, the ſpectra were 
all at firſt yellow; but at length changed into blue. And on 
looking in the ſame manner on red paper, I did at length get a 


Vor. LXXVI. „ green 


fame after looking at a candle in the night. 


ſpontaneouſly to fall into motions. of a contrary. direction; but 
being ſtill ſenſible. to all other rays of light except that with 
which. it was lately fatigued, was by theſe rays. flimulated at 


* eyelids, by removing the hand from before them : 


often ceaſe for a, time, till the retina became ſenſible to the 
ſtimulus of the ſmaller quantity of light, and then it recurred. 


55 Nor was the ſpectrum only changed in vivacity, or in degree, 


i” by this admiſſion of light through the eyelids ; but it fre- 


paſs through the eyelids, except thoſe. of the object. Thus, 
when an area of half an inch diameter of pink paper was 
= viewed on a ſheet of white paper in the ſunſhine, the ſpectrum 


yellow, and. returned inſtantly. again to green, as often as the 
hands, wers. applied to. cover the- eyelids, or removed from 
them: for the retina being now inſenſible to red light, the 
yellow rays paſſing through the eyelids in greater quantity 


the 


is green ſpefrum; but "ow were ll at firſt red ones and the 


| The reverſe ſpectrum was formed with Dae facilt it y 1 

che eye was thrown from the object on a ſheet of white paper, 
or When light was admitted th rough the eloſed eyelids ; be- 
cauſe not only the fatigued part of the. retina was inclined | 


the fame time into thoſe motions which form the reverſe ſpec- 
trum. Hence, when the reverſe ſpectrum of any colour be- 
cams faint, it was wonderfully revived. by admitting more light 


and hence, on covering the cloſed eyelids, the ſpectrum would 


quently happened, after having viewed bright objects, that the 
ſpectrum in the cloſed and covered eye was changed into a third 
ſpectrum, when light was admitted through the eyelids: 

which third ſpectrum was compoſed of ſuch colours as could 


with cloſed and covered eyes was green; but on removing the 
hands from before the cloſed: eyelids, the ſpectrum became 


than the other colours, induced a yellow ſpectrum; whereas if 


1 yin ardke; "* 
the Ffretruin was tlrrown om white Paper, with the eyes open. it ; 
became only a lighter Shen | 
- Though a certain quantity of light facilitates the formation 
of the reverſe ſpectrum, a greater quantity prevents its forma- 
tion, as the more powerful ſtimulus excites even the' fatigued 
parts of the eye into action; otherwiſe we ſhould fee the 
ſpectrum of the laſt viewed object as often as we turn our 
| eyes. Hence the reverſe ſpectra are beſt ſeen by gradually ap- 
* proaching the hand near the cloſed eyelids to a certain nd 
|| only, which muſt be varied with the brightneſs of the day, or 
* the energy of the ſpectrum. Add to this, that all dark ſpectra, 
as black, blue, or green, if light be admitted through the eyes 
nds, after they have been ſome time coveted, give reddiſh 
= ſpectra, for the reaſons given in ſect. III. exp. . 
| From theſe circumſtances of the extraneous light coinciding | 
with the ſpontaneous efforts of the fatigued retina to produce a 
reverſe ſpectrum, as was obſerved before, it is not eaſy to gain 
a direct ſpectrum, except of objects brighter than the ambient 
light ; fuch as a candle in the night, the ſetting fun, or view- 
ing a bright object through an opake tube; and then the reverſt 
ſpectrum is inſtantaneouſly produced by the admiſſion of ſome 
external light; and is as inſtantly converted again to the direct | 
ſpectrum by the excluſion of it. Thus, on locking at the ſet- 
ting fun, on cloſing the eyes, and covering them, a yellow 
fpe&rum is ſeen, which is tlie direct ſpectrum of the ſetting 
ſun; but on opening the eyes on the ſky, the yellow 
ſpectrum is immediately changed into a blue one, which 
is the reverſe fpe&rum of the yellow fun, or the direct ſpec · 
trum of the blue ſky, or a combination of both. And this 
is again transformed into a yellow one on clofing the eyes, 
and fo reciprocally, as quick as the motions of the opening 
and eloſing eyelids. Hence, when Mr. MEeLvIiLL obſerved 
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the ſciotillations of the ſtar Sirius to be — PR 


parts of the ret na fatigued by the white light of the ag 


: - (Eflays Phyſical and Literary, p-. 81. V. 2.) 


When a direct ſpectrum is thrown on colours darker thas 
itſelf, it mixes with. them; as the yellow ſpectrum of the 

ſetting ſun, thrown on the green graſs, becomes a greener 
| yellow. But when a direct ſpectrum is thrown on colours 


lours. So the yellow ſpe&rum of the ſetting ſun thrown on 


the luminous ſky becomes blue, and changes with the colour 


or brightneſs of the clouds on which it appears. But the re- 
verſe ſpectrum mixes with every kind of colour on which | 1t 18 
thrown, whether brighter than itſelf or not: thus the reverſe 


ſpectrum, obtained by viewing a piece of yellow filk, when 


'- thrown on white paper was a lucid blue green; when thrown 
on black Turkey leather becomes a deep violet. And the ſpec- 
trum of blue filk, thrown on white paper, was a light yel 


low; on black filk was an obſcure orange; and the blue ſpec · 


trum, obtained from orange coloured lk, thrown on yellow, 
became a green. ls | 


ternal objects are brighter than the direct ſpectrum which is 
thrown upon them, they change it into the reverſe ſpectrum, 
like the admiſſion. of external light on a direct ſpectrum, as 


* above. When they a are darker than the direct ſpec- 


trum 
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theſe were probably the direct ſpectrum of the blue ſky on the 


brighter than itſelf, it becomes inſtantly changed into the 
reverſe ſpectrum, which mixes with thoſe brighter co- 


In theſe caſes the retina is thrown into o activity or ſenſation | 
by the ſtimulus of external colours, at the ſame time that it 
continues the activity or ſenſation which forms the ſpectra; in 
the ſame manner as the priſmatic colours, painted on a whirl | 
ing top, are ſeen to mix together. When theſe colours of ex- 
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trum, they: mix with i it, their weaker ſticaulus being uu. 
cient to induce the reverſe . N | 
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When we look long and attentively at any object, the eye 


cannot always be kept intirely motionleſs ; hence, on inſpect- 
ing a circular area of red filk placed on white paper, a luc:d 
creſcent or edge is ſeen to librate on one fide or other of the red 
circle: for the exterior parts of the retina ſometimes falling on 
the edge of the central ſilk, and ſometimes on the white paper, 
are leſs fatigued with red light than the central part of the re- 


tina, which is conſtantly expoſed to it; and therefore, when 


they fall on the edge of the red ſilk, they perceive it more 


vividly. Afterwards, when the eye becomes fatigued, a green 


ſpectrum ii in the form of a creſcent is ſeen to librate on one fide 
or other of the central circle, as by the unſteadineſs of the 
eye a part of the fatigued retina falls on the white paper 3 aud 


as by the increaſing fatigue of the eye the central part of the 
ilk appears paler, the edge on which the unfatigued part of 
the retina occaſionally falls will appear of a deeper red than 


the original filk, becauſe it is compared with the pale internal 
part of it. M. Dt Buyyon in making this experiment obſerved, 


that the red edge of the filk was not only deeper coloured than 


the original filk ; but, on his retreating a little from it, it be- 
came oblong, and at length divided into two, which maſt have 


been owing to a change of the angle of the two optic axiſes 


with the new diſtance he obſerved it at. Thus, if a pen is 


held up before a diſtant candle, when we look intenſely at the 
pen two candles are ſeen behind it ; when we look intenſely at 
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the binde two pens ate feen. «the Nl \-/- 
* _ time of beholding the ſun, even though one eye only be wicd, Wl 11 
many images of the ſun will appear, or luminous lines, when the 

eye is cloſed. And as ſame parts of theſe will be more vivid than 
= others, and. ſome parts of them will be produced nearer the 
center · of the eye than others, theſe will diſappear ſooner than 
the others; and hence the trurnber and ſhape of theſe ſpectra 
of the ſun will tontinvally vary, as long as they exiſt. The 
cauſe of ſome being more vivid than others, is the unſteadineſ 
of the eye of the beholder, ſo that ſome parts of the retina 
have been longer expoſed to the ſunbeams. That ſome patts 
of a complicated ſpectrum fade and return before other parts of 
it, the following experiment eviners. Draw three concentric 
circles ; the external one an inch and a half in diameter, the 
middle one an inch, and the internal one half an inch; colout 
the external and internal areas blue, and the remaining one 
yellow, as in fig. 4. ; after having looked about a minute on 
the center of theſe circles, in a bright light, the ſpectrum of 
the external area appears firſt in the cloſed eye, then the middle 
area, and laſtly the central one; and then the central one diſ- 
appears, and the others in inverted order. If concentric cireles 
of more colours are added, it produces the beautiful ever r chang: 
ing ſpe&rum in ſect. I. exp. 2. 
From hence it would feem, that the center of the eye pro- 
duces quicker remiſſions of ſpectra, owing perhaps to its 
greater ſenfibility ; that is, to its more energetic exertions. 
Theſe remiffions of ſpectta bear ſome analogy to the tremors 
of the hands, and palpitations of the heart, of weak people: 
and perhaps a criterion of the ſtrength of any muſcle or nerve 


may be taken from the time it can be continued in exertion. 
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colours of ſome ſpectra; for as the ſun deſcends, the red rays, 
which are leſs refrangible by the convex atmoſphere, abound. 
in great quantity. Whence the {pe&rum of the light parts of 
a window at this time, or early in the morning, is red; and 
becomes blue either a little later or earlier; and white in the 


or By which are oppoſed to the window. 


are 4 too ſoon. after each other, as the remaining ſpectrum 


cumſtance to painters, who are obliged to look long upon the ſame 
colour ; and in particular to thoſe whoſe eyes, from natural de- 


comes much varied if the eyes, after viewing any object, are 


cloſe them to view the ſpectrum; for the light from the object, 


of which we had only a tranſient view, in the very time of 
eloſing our eyes acts as a ſtimulus on the fatigued retina; and 


for a time prevents the deſired ſpectrum from appearing, or 


beheld for a few ſeconds, before the deſired ſperm becomes 
diſtinctly viſible. | 
3- The length of time taken up in viewing an object, - 


Which we are to obſerve the ſpectrum, makes a great difference 
in 
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meridian day ; aud is alſo variable from the colour of the . 
2. All theſe experiments are liable to be confounded, if ** 
will mix with the new ones. This is a very troubleſome cir- 
bility, cannot long continue the ſame kind of exertion. For 
the ſame reaſon, in making theſe experiments, the reſult be- 


removed on other objects for but an inſtant of time, before we 


mixes its own ſpectrum with it. Whence, after the eyelids 
are cloſed, either a dark field, or ſome unexpected colours, are 


in, the appearance of the ſpectrum, not only in its vivacity, but 
in its colour; as the direct ſpectrum of the central object, or of 


with their various combinations, as well as the time of their 


The Chevalier D'Arcy conſtructed a machine by which a coal 


luminous body made a revolution in eight thirds of time, it 
preſented to the eye a complete circle of fire; from whence he 
5 concludes, that the impreſſion continues on the organ about 
the ſeventh part of a ſecond. (Mem. de VAcad. des Sc. 
176 5) This, however, is only to be conſidered as the ſhorteſt 


tigued eye both the direct and reverſe ſpectra, with their 
intermiſſions, appear to take up many ſeconds of time, and 
ſeem very variable in Proportion to the circumſtances of 


. fatigue or energy. 


hard with the fingers, that lucid ſparks are ſeen in quick mo- 
tion amidſt the ſpectrum we are attending to. This is ſimilar 


1s reſembled by the warmth and glow which appear upon the 
kin after friction, and is probably owing to an acceleration of the 


By being accuſtomed to obſerve ſuch ſmall ſenſations in the eye, 
it is eaſy to ſee the circulation of the blood in this organ. 1 


in one of them; for as a certain quantity of light is neceſl; 
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the circumjacent ones, and alſo the reverſe ſpectra of both, 


duration in the eye, and of their remiſfions or alternations, 
depend upon the degree of fatigue the retina is ſubjected to. 


of fire was whirled round 1 in the dark, and found, that when 4 


time of the duration of theſe direct ſpectra; fince in the fa- 


4. It ſometimes happens, if the Py "FE un bo 


to the flaſhes of fire from a ſtroke on the eye in fighting, and 


arterial blood into the veſſels emptied by the previous preſſure. 


have attended to this frequently, when I have obſerved my 
eyes more than commonly ſenfible to other ſpectra. The 
circulation may be ſeen either in both eyes at a time, or only 


W ee this Curious phenomenon, if one hand be brought 
nearer the cloſed eyelids than the other, the-circulation in that 


comes curiouſly diſtinct. The ſtreams of blood are however 


3. the ſped 
liant, and beſt defined; becauſe they were combined of the 
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eye will for a time diſappear. For the eaſier viewing the circu- 


lation, it is ſometimes neceſſary to rub the eyes with a certain - 


degree of force after they are cloſed, and to hold the breath : 
rather longer than 1 is agreeable, which, by accumulating more 
blood in the eye, facilitates the experiment; but in general it 


may be ſeen diſtinctiy after having examined other ſpectra with 


your back to the light, till the eyes become weary; then 
having covered your cloſed eyelids for half a minute, till the 
ſpectrum is faded away which you were examining, turn your 
face to the light, and removing your hands from the eyelids, 
by and by again ſhade them a little, and the circulation be- 


generally ſeen to unite, which ſhews it to be the venous circu- 
lation, owing, I ſuppoſe, to the greater opacity of the colour 


of the blood ĩn theſe veſſels; for this venous circulation is alſo 
much more _ ſeen * the ——_— in the tail of atadpole. 


v. Variation of ſpefira in reſpeft to difiinineſs and fer with a 
new 1 of magniying Hern. 


0 


1. It was W Ae that 8 the t two aki viewed 


together were oppoſite to each other, as yellow and blue, red 


and green, &c. according to the table of reflections and tranſ- 


miſſions of light in Sir Isa ac NA. Tox's Optics, B. II. fig. 
tra of thoſe colours were of all others the moſt bril- 


reverſe ſpectrum of one colour, and of the direct ſpectrum of 
* other. Hence, in books printed with ſmall types, or in 
Vox. LXXVI. Z 2 the 
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which are to be ſeen; at a diſtances. if the letter sor figures aꝶ 


coloured with orange, and the ground with indigo; or the 


lines by the edges of the letters, which is the principal cauſe of 
5 their confuſion. The beauty of colours lying in vicinity to each 
other, whoſe ſpectra are thus reciprocally fimilar to each co- 
Bur, is owing to this greater caſe that the eye experiences in 


of half an inch diameter on white paper, it is eaſy” to magnify it 
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letters with red, and the ground With green; or any other 


lucid colour i is uſed for the letters, the ſpectrum of which is 
| fimilar to the colour of the ground; ſuch letters will be ſeen 
much more diſtinctly, and with leſs confuſion, than in black or 


white: for as the ſpectrum of the letter is the ſame colour 
with the ground on which they are ſeen, the unſteadineſs of 
the eye in long attending to them will not produce coloured 


beholding them diſtinctly; and it is probable, in the organ of 
hearing a fimilar circumſtance may conſtitute the pleaſure of 
melody. Sir Isaac NRwrox obſerves, that gold and indigo 
Wert agreeable when viewed together; and thinks there may 
be ſome analogy between the ſenſations of _ and ſound, 


h (Optics, Qu. 14.) 


In viewing the ſpectra of bright objects, as of an area of red ſilk 


to tenfold its ſize : for if, when the ſpectrum is formed, you 


ſtiill keep your eye fixed on the filk area, and remove it a few 


inches further from you, a green circle is ſeen: round the red 
filk :- for the angle now ſubtended by the filk is leſs than it 
was when the ſpectrum was formed, but that of the ſpectrum 
continues the ſame, and our imagination places them at the 
ſamè diſtance. Thus when you view a ſpectrum on a ſheet of 
white paper, if you approach the paper to the eye, you may 
* it to a point; and if the paper is made to recede from 

5 wn Oo rm 
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4 wirs ſurpriſed, 40d en DEB) ih *s following 
experiment. I covered a paper about four inches ſquare with 
yellow, and with a pen filled with a blue colour wrote upon 
the middle of it the word BANKS in capitals, as in fig. 5. and, 


fitting with my back to the ſun, fixed my eyes for a minute 


exactly on the center of the letter N in the middle of the 
word; after cloſing my eyes, and ſhading them ſomewhat 


with my hand, the word was diſtinctly ſeen in the ſpectrum | 


in yellow * letters on a blue field; and then, on opening my 


eyes on a yellowiſh wall at twenty feet diſtance, the magnified 
name of BANKS 8 written on the wall 1 in golden cha- K. 


racte 7s. 


CONCLUSION. 


It was obſerved by the learned M. Sauvaces (Noſol. me- 
thod. Cl. VIII. Ord. 1.) that the pulſations of the optic artery 

might be perceived by looking attentively on a white wall well 
illuminated. A kind of net - work, darker than the other parts 
of the wall, appears and vaniſhes alternately with every pulſa- 
tion. This change of the colour of the wall he well aſcribes 
to the compreſſion of the retina by the diaſtole of the artery. 
The various colours produced in the eye by the preſſure of the 
finger, or by a ſtroke on it, as mentioned by Sir IsA Ac Nx w- 
rox, ſeem likewiſe to originate from the unequal preſſure on 
various parts of the retina, Now as Sir IS AAC NEwTON has 

ſhewn, that all the different colours are reflected or tranſmitted 
by the laminæ of ſoap bubbles, or of air, according to their 


different thickneſs or thinneſs, is it not probable, that the 
2 2 2 effect 
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1 ſo as better to adapt it to reflect or 


Which it into action? May not 


minute his 4 the loconvrive . of — animals? 


| May not theſe muſcular actions of the retina. conſtitute the 


T ſenſation of lights and colours; and the voluntary repetitions? 
| of them, when the object is withdrawn, conſtitute our me- 
F mory of them? And laſtly, may not. the laws of the ſenſa- 

| tions of light, here inve be applicable to all our other 


ſenſes and much contribute to elueidate many phænomena of 
arimal bodies both in their healthy and diſeaſed ſtate; and thus. „ 


render this invel well worthy the attention of the phy- | 5 > 
fician, the metaphyſician, and the natural philoſopher ? 
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ä Derby, November I, 1785. 8 . 4 LE 
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Ay Obſervations anche Cauſes of .the : 


: of Males above that of Females. | By. Joſeph Clarke, M. B. 
Phyſician to the Lying-in Hoſpital at Dublin. Communicated 
by the; Rev. Richard Price, D. D. F, R. S. in „ — ta 
— — M. D. Ser. R. S. 


Read March 30, 1 786. 


SIR, 


T RECEIVED forne time ago the incloſed letters and 
= regiſtry from Dr. CLarxe, Phyſician to the Lyin g· in Hoſ- 
pital at Dublin. They contain ſome accounts that ſeem to 
me not improper to be communicated to the Royal Society. 
The obſervations which have been made on the laws that 
govern human mortality prove, that the mortality of males 
exceeds that of females in almoſt all the ſtages of life, and 
particularly in the earlieſt ſtages; and that this exceſs prevails 
moſt in great towns, and all the leſs natural fituations of hu- 
man life. The facts in theſe papers throw ſome light on this 
ſubject. Male fetus's requiring more nutrition than female 
faiuss, becauſe larger, and being alſo for this reaſon more 
lable to injury in delivery, are brought into the world leſs 
Perfect: and this happening more or leſs in proportion to the 
vigour and juſt formation of the mother, it muſt happen 
moſt in thoſe fituations where the greateſt tenderneſs' of 


fame and deviations from nature take place. The truth, in 
. ſhort, 


| Newingron-Green, February 6, 1786. 
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ſhort, Hows to be, that any debility in either parent muſt aſe 
_- moſt the production of that ſex which requires the largeſt and 
ſtrongeſt flamina; and that ſuch debilities prevailing moſt in 
great towns and poliſhed? cieties, the exceſs of the mertality 

of males muſt alſo be greateſt in ſuch ſituations. And this! 
reckon the principal reaſon of a circumſtance in human mor- 
tality-whichz before I received theſe communications "from Dr. 

Cr ARxx, I did not fo well underſtand. N. * bel sack 


With much h reſpe I am, &c. * 

RIC H. PRICE. 
j > 3 bh 66 
| Dr. CAE 8 1 7 Letter 10 th Rev. Dr. Pries. — * 
| Yo * e Tt; myo A} Ct E 0 
' | 4.04 1K. "non og Wore on nine Whew ſteht WW Teleſh 0 Dubliy. e 
| | 709 Act. 411 | li 
| IN your very uſeful Treatiſe on 1 "Annuities, ig you 
1 remark , that e it has been obſerved, that the Author of 0 
nature has provided, that more males ſhould be born than 
« females, on account of the particular waſte of males. occa- 
<« ſioned by wars and other cauſes. That perhaps, j it might , 
% have been obſerved, with more reaſon, that this 'proviſio ion N 
« had in view that particular weakneſs or  Glicacy 1 in the con- 
4c ſtitution of males which makes them more ſubject to mor- f 
« tality ; and which, conſequently, renders it neceſſary that 1 
<< more of them. ſhould be produced, LE to Pleſerre a 
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the end of your fourth Eſſay prove, that there is a difference 
4 between the; mortality of males and females; but that you 


debility 18 produced and operates, are queſtions which appear 


conſiderable. pains to examine and, arrange. a very accurate and 


: only that we ſhall. be enabled fatisfaQorily t to explain them, 


1 "Had GA ar „ 257 D 
e the world a due proportion FR the-ſexes,” And 
Farther, you elſewhere: remark v, that ( the fads recited at 


04 aſt however obſerve, that 1 it may be daubted, whether this 


« « difference, i fo- unfavourable to males, be natural; and that 
« there are facts which prove that you have reaſon for ſueh a 


doubt. After ſtating a number of very ſatis factory facts of 
this, kind you remark, that the- inference from them is very 
obvious; that they ſeem. to ſhew ſufficiently, that human 
« life. in males, i is more brittle: than in females, only in conſe- 


„ quence. of adyentitious cauſes, or of ſome particular debility 


« which, takes place in palitbed and. ee Alain and 
cc eſpecially i In great torun. 5 31 8 
What thoſe adyentitiaus Pies are, or how * 3 


to me highly intereſting; 2 and curious.. I have therefore been at 


extenſive. regiſtry in ſuch a a/MANNEr as J hope will throw; ſome 
light on theſe queſtions... As it is to the accuracy of modern 
regiſters that we are originally indebted for our knowledge of 
the facts in queſtion, Lapprehend, it is from the ſame ſource 


4 S 


Of the. regiſtry incloſed, I beg leave to obſerve to Vou, Sir, 
that! it has been kept from its commencement by a. man of une 
common accuracy (one of the under-clerks of our Houſe, of 
Commons); and that as the poor women and their children are 
obliged to paſs through his office, before leaving the Hoſpital, 
his ſituation is ſuch that there i is no likelihood of his being 
&ccived, It exhibits to our view the occurrences of 28 years. 


4 ] , ®, Vol, II. P. 247. 7 x: (13 


mw 
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think ean hardly appear inſufficient for eſtabliſhing ſotne gorieral 
inferences and concluſions" on a tolerably ſure foundation. Al. 
though my reaſonitig on theſe matters ſhould not appear very 
conoluſtwe, or my calculations perfectly aceurate, yet I fatter 

myſelf, n wy facts 1 neither nn nor n 
t 2b 019, 4 eee 1s od, 

2 nete . may . fubety affetted; tht WIE 15 not 
birherto detected any internal difference between the animal 
economy of the male and female, which ca n be ſuppoſed! to 
account for their difference of mortality; more eſpetially in 
e — ; and this (it deſerves to be partich larly remarked) | 
is the period during which the chances are much the greateſt | 
againſt male life. It is a matter of common {obſervation that 
males, ceteris Paribas, grow /to- 4 gteatet fize than ſemales, 
both in utero and every ſubſequent period of their growth. Con- 
ſequently, they muſt meet with more difficulty, and endure more 
hardſhip and fatigue, in the hour of birth. (Accordingly, | 
practitioners in midwifry, taught by experience, know, that 
when any conſiderable difficulty oceurs in the birth of a child 
| (for exam ple, in all the different kinds of preternatural labours) | 
they ſtand a much better chance of ſaving the life of a female 
than of a-male. It is on this principle we can explain what our 
regiſtry concurs with others in proving, vis. that near one-half 
more males than females are ſtill born. Naturaliſts are agreed, 
chat che head of the human feetus is larger in proportion to its 
body than that of any other animal; and I believe it ts certain, 
that no animal whatever brings forth its young with ſo much 
difficulty, Pain, and danger, as a woman. Now-as we know 
chat the head contains one of the moſt important organs of the 


N to life, it is highly reaſonable to ſuppoſe, that an) 
additional 
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addition) ory which it ſuſtains in delivery may produce very 
material effects on the whole ſyſtem. Theſe effects though 
often may not be always immediate. They may operate ini 
weakening the male conſtitution ſo as to render it more apt 
40 be affected by any exciting cauſe of diſeaſe ſoon after birth, 
and leſs able to ſtruggle againſt it. It may be aſked, how this, 
will apply to the difference of mortality in great towns and 
country ſituations? The anſwer evidently is, that in great 
| towns rickets, ſcrophula, and other diſeaſes affecting the bones, 
and producing conſequent mah conformation of the female fex, 
are more frequent than in healthy country fituations. 17. 
| There. is another circumſtance, Sir, which may have ſome 
influence in producing that particular debility which you men- 
tion. It is this: as the ſtamina of the male are naturally con- 
— to grow to a greater ſize, a greater ſupply of nouriſh- 
ment in utero will be neceſſary to his growth than to that of a 
female. Defects in this particular, proceeding from delicacy 
of conſtitution or diſeaſes of the mother, muſt of courſe be 
more injurious to the male ſex. And although the male chil - 
dren may be ſo lucky as to eſcape abortion and the perils of 
delivery, it is probable, that they will be more apt to languiſh 
under diſeaſe, or die at ſome future period, from the applica- 
tion of noxious cauſes to an originally half-ſtarved frame. To 
a perſon little accuſtomed to conſider phyſiological ſubjects, 
this reaſoning may appear ſomewhat obſcure. It may, per- 
haps, be ſomewhat illuſtrated by conſidering that nouriſhment 
of the foetus after birth which nature has provided for. Sup- 
poſe every mother in a great city obliged to ſuckle and nurſe 
| her own child, without the affiſtance of ſpoon-meat ; and every | 
mother in the adjacent country to do the ſame. Of the former 


there would not perhaps be one good nurſe in five; and of the 
Vol. LXXVI. Aa a | latter, 
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Lutter, (perhaps, not ane ball in ren. The diferencs I 4 
tality that would enſue both to mothers and children thus 

tuated, and the greater ſafferings of the male than female ſex, 
munay be eaſily conceived, but not eaſily calculated. We fee 
> —, that, when a woman conceives twins, and has two feetuſes i 
I | aero to nouriſh - inſtead of one, it becomes peculiarly fatal 
both to her and her offspring. The chances are above four to 
one greater againſt her than againſt a woman bringing forth 
one child, and ahout two to one againſt her iſſue *. 5 
_ Gwe me leave, Sir, to call your attention a little Kenber to 

| the facts relating to twins. T hey are ſingular and curious, at 
the ſame time that they ſerve to conſirm ſome of the preceding 
= — reaſoning. Near one-balf more twins die, and near one-third 
moese are ſtill- born, than of ſingle children. And why ?—lt 
is not becauſe they meet with greater difficulties in the birth, | 
On the contrary, it is a known fact, that, being much leſs 
than other children. women briug them forth with more eaſe. 
Does it not then Proceed from a ſcanty nutrition, by which 
E- they ate oftener blighted, in utero than ſin gle children ; and, 
E. when born alive, have leſs ſtrength to n life through the 
1 | firſt ſtages of its exiſtence. © _ 

It is farther worthy of obforratione 8 aol, addy the 
n of twins die and are ſtill-born, compared to ſi ugle 
children, yet the proportion of male twins loſt to females is 
1%. Only one- fifth more of the male ſex die than of the 
female, and only one-third more is ſtill- born. Whereas of 
fingle children, whoſe proportional mortality is one-half leſs, 
one-fourth more of the male ſex die, and near double the num- 
ber is ſtill born. To what then are we to attribute this leſſened 
mortality in favour of male twins? Probably to their brain and 


-0 om the IG: and 14th,-Oth- and 1 3th inferences i in the apnexed extracts. 
nervous 
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— ns 1 leſs during — on account of 


Did the limits of this letter permit, I think, I could prove 
from Dr. Syoxt's own data *, that the majority of males is 


- Mortaligrof Math Glee. -- 1 


their heads being much ſmaller than thoſe of ſingle children. 


Were I diſpoſed to be prolix, I could offer many more plauſible 
arguments on this ſubject; but to you, Sir, I am ſure they 


would be unneceffary.. There is only one cireumſtance re- 
maining, relative to the proportion of the ſexes, which 1 can - 
not paſs over in ſilence. We ſee evident wiſdom in the creation 


of a greater number of males than females; but why the pro- 


portion they bear to each . differs in different countries and 


ſituations, and why there ſhould be a ſeventeenth more males 
born of ſingle children than. twins, are queſtions which I leave 


to be decided by thoſe philoſophers who. underſtand the theory 
of generation better than I do. Be this as it may, I am con- 
vinced that the majority in favour of the male ſex is ſooner 


deſtroyed than the generality of writers ſeem to be aware of. 


deſtroyed long before the common marriageable period; but I 
ſhall content myſelf with an obſervation or two on the regiſtry 


before us. If one-half of the whole born in this hoſpital die 


before three years, which is the eſtabliſhed computation for 


great cities; and if, on the loſs of ſomewhat more than a 


_ third of this half, a majority of 1177 be reduced to 483 by a 


loſs of 694, as appears from the regiſtry, it 15 pretty evident, 
that by the death of the two remaining thirds, a majority will 
be left in favour of the female ſex. It is obvious, that the 


ſtatement with regard to twins corroborates this ſuppoſition; „ 


for of them, inſtead of a fifth, there is near one half dead and 


ſtill born, the conſequence of which i is, that we ſend out a 


3 hay females. It may be objected, that their males do | 


'* New-Obſervations, p. 72. et ſeq. 
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3 5 5 not bear ſo great a proportion to the femnales; and that, theres | 


fore, it is not to be expected they ſhould keep up their majority; 

0d long. But there is only a ſeventeenth fewer males pro- 

” - . duced; whereas it has been already ſhewn, that there is a much 

} greater proportion between the deaths of fingle and: twin * 
; — the former and in favour of the latter 


| Such are the outlines, Sir, of my ſentiments on . TY 
1. I have aſſumed the liberty of addreſſing them to you 
without ceremony, as a well wiſher to every member of the 
= republic of letters. I ſhall be happy; ſhould your ſentiments. 
happen to coincide with mine, or if I can be of any farther 


o 
0 
{ 


i 


f 


a 23 in mn your very laudable i Inquiries: R A 
| me * am, Sir, with 2 great reſpect, Kc. 
| Nen JOSEPH CLAR KE. 
1 Ae in Hoſpital,.. 5 1 
| June 9, s. 1 
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Dr. crAnERN 8 eme Letter ” the 3 Rev. Dr. Pries. 


. 1 R. ED Dublin, OR. 22, mY 
ENCOURAGED by your approbation of my former let · | 
ter, I will take the liberty of ſtating to you a few more facts 


and obſervations, which I hope = will Judge an Appendix to 
itt of ſome i importance. 


With the view. of — . far ** of the fore- 
Boing conjectures are well founded, aud of determining with 


greater 


WO. ow 


fillet: — za 357 
greater beds the more obvious differences between the male 


aud female ſex in infancy, I began in the month of July laſt 


by weighing forty children, twenty of each ſex, and by taking 


the dimenſions of their heads. In the months of Auguſt aud 


September E repeated the ſame experiment twice, taking ſuch 
children as appeared to have arrived at the full period of ** 
tion promiſcuouſly as they happened to be born. 
I weighed them all a few hours after-birth, before they had 
taken food; and before purgative r medicines had time to operate. 
For this purpoſe, I made uſe of a ſmall ſ pring or pocket ſteelyard, 
which weighsanything(not heavier than a few pounds) appended 


to it with ſufficient aceuracy. To this was attached a flannel 
bag, into which the children were put, at firſt, naked; but 


this I ſoon found very troubleſome. The nurſes often wanted 


time ſufficient. to aſſiſt me, and timid mothers were afraid of 
their infants catching cold; I was- therefore obliged to weigh 
them with their cloaths- on, and to ſubtract a certain quantity 
from the groſs weight of each child, according as it was full, 


middling, or light cloathed. Whatever inaccuracy this may. 
have introduced, as to the real weight of the children, it can 


* but little influence their comparative weights, or the differences 


between the two ſexes, which it was my . object to aſcertain. 
For meaſuring their heads, I made uſe of a piece of painted 
or varniſhed linen tape, divided i into inches, halves, and quar- 


ters. The varniſh has the good effect of preventing the length 
of ſuch a meaſure being readily affected by variations in the 


humidity of the atmoſphere, &c. ; and it has little or no elaſti- 


city. In this part of the experiment then I can pretend to 


conſiderable accuracy. I took firſt the greateſt circumference 


of the head from the moſt prominent part of the occiput 


around over the frontal ſinuſes; and, ſecondly, the trantverſe- 
dimenſion. 


3 ** from 8 — and. Anterior n of « one ear, — 

the fontanelle, to a ſimilar part of the oppoſite ear. Theſe d- 

menſions appeared to me the moſt likely to afford data for deter. 

mining the reſpective fizes of the brain in the nt ſexes. 
1 reſult was as follows: e . 


Twenty males. Twenty females. 
weight. Cireun ference Dimenfions Weight. Circumf. Dimen.from 
lbs, dec. of heads. dom ear to car. lbs. &c, of heads. ear to eat. 

Inches. Inches. Inches. Inches, 
== | . Experiment 14. 1 
—_— 44 8 wink 275; . 149 
1461 „ ͤ 
Experiment 3 
280 1471 ö 155 1 00 
" 8 


- 


= * 
»* 2 K "7 
4 __ ——_ 
6 * 1 
an 1 k 
2 „ > o © © = © 9 
: . : b Cy. 4 f 4 


—_— 


RR. 4453 40% 317 4334 
| 5 Average weight, &, hs - 
7 bs. or * 14 2 74 6 lbs. 11 or. 6 dt. 15 131 -: 75 


Having found the relative proportions between the ſexes to 
turn out thrice with ſo much uniformity, and obſerving them 
to correſpond pretty nearly with - ſome experiments, made for 
very different purpoſes by the late Profeſſor RogDERER, of 
| Gottingen, I did not think irmeceſſary to proſecute the ſubject 
farther. 
Upon the whole, it may be 1 that the difference of 
1 weight between the male and female at birth may be rated at 
| | about nine Ounces, or nearly a twelfth part of the original 
weight. In the circumference of their heads there is a dif- 
| ference of near half an inch, or about a 28th or zeth part; ; 
C | and the ſame proportion of a 28th is pretty nearly preſerved in 
the tranſyerſe dimenſion. It is evident, as the bony paſſage 
£ oof „ through 


— 


as at ⁰ ˙mA 6 ted 0. a 


< 2 — — 


E. 


of Idols, the difference of half an inch in their ſize would 
often prove fatal to them. By the compreſſibility of their 


fractions, I find the numbers of males and temales, arranged 


pounds and a half i in weight. The ſame may be obſerved 


4 
* OF) "I 4 l l „ * e * — * * » Arn. acer "OY = * „ 2 A * 
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: e 8 
pt which infants paſs is of a certain determined capa- 
that, were their heads equally incompreſſible with thoſe 


heads, however, in well formed women, this difficulty is by 
time ſurmounted. The effects which ſuch a compreſſion on 
the brain may produce, have not hitherto been well attended 


to. 


bn n childeen, dud from 5 to 61. 6 bits 
weight, and from 64 to 71, 7, and fo forth, in order to avoid 


according to their weight, to . as follow. 
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Hence it appears, that pag majority of les runs thus: 


ſeven, eight, ſix, five; whilſt that of the females is ſeven, fix, 
five, eight. Hence alſo appears the merciful diſpenſations of 
Providence towards the female ſex; for when deviations from 

| the medium ſtandard occur, it is remarkable, that they are 

much more frequently below than above this ſtandard. In 


120 inſtances there are only five children exceeding, eight 


with regard to the ſize of their heads. Only ſix meaſured 


above 141 inches in circumference, and theſe all of the male 
ſex; five meaſured 142, and one 15. In tranſverſe dimen- 


ſions only four exceeded 73, the largeſt of which was 83; 
whereas deviations under the ſtandard in theſe particulars were 


very numerous, never however under 12 around and 63 acroſs. 


In 


"I tbe Fear. 2855 Dr, Ronps RER. publihe en Des vals | 
dere1 of lang itudine Infentue recent natorum in the Commen- 
taries of. the Royal Society of Gottingen, of which the cele. 
brated Harz was the principal inſtitutor, and long the pre- 
ſident. In this Paper he proves, in the cleareſt manner, by 
inconteſtible experiments, the abſurdity of the ideas of obſte- 
tric writers with regard to the progreſs of the ovum during A 
geſtation, andthe weight of the fœtus after birth. 'He ſhews, 
although they ſtate the weight of the fœtus, come to the full 
time, to be from 12 to 14 or 16 pounds, that it is more 
generally 6 or 7, and very rarely exceeds eight. This de- 
ſerves particular notice for two reaſons; firſt, becauſe it ſerves 
to ſhew how little dependence is to be placed on the affertions of 
authors who copy each other ſervilely, without having recourſe 
to experiment even in the moſt obvious caſes; and, ſecondly, 
becauſe this paper has been overlooked by ſome of the moſt 
celebrated writers and teachers of midwifry now living. What 
idea are we to form of the accuracy of one of our lateſt 
ſyſtematic writers, who (telling us that he has been a practi- 
tioner of midwifry, 1 in a capital city, for twenty years, and a 
teacher for more than twelve) ſtates, in one page of his work, 
that the weight f a foetus at eight months is about ſeven 
pounds: and on the oppoſite page, that a at full time it weighs 
from twelve to fourteen pounds? 2 
Of 27 children, carried to the full es; of Fe 
bed and meaſured in length by Roep ERER, without any 
attention to the difference of ſex, I find, that 18 were of the 
male and 9 of the female ſex; and that the average weight of 
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148 n Gli 9 625 that — — 
6 Ibs. 2 U 2 dr. Whether he and I uſed the fam weights, 1 
cannot euactly ſay. Hs obſerves, that he uſed the oe” pound ue 
Gottingen, whieh I can eaſily perceive conſiſted of 16 ounces; 
_ as mine did; but whether a German ounce be the fame with ours, 
1 have not data to determine. The average length of the males 
meaſured by him ig about 20% inches, and of the females about 
1947.” He weighed alſo this placentæ of 21 ung een, 
16 of whom-had botne male children, and five female. The 
average weight of the former was t Ib. 24 dz. chat of the 
latter 1 Ib. 2 oz. Hence it appears, that in other eireumo 
ſtances, beſides thoſe I , have, taken votice of, the male and 
female ſex differ. So far 1 thought'1 it nece ary 1. take extracts 
from Dr. /Roxdeuzr's paper, as his obſervations and mine . 

throw light on each other, and add confirmation to both. 
The limits of this letter will not permit mie, Sir, to treſpaſs 8 
much farther on your patience. There is one circumſtance or two 
ſo intimately connected with my former letter, that I cannot 
paſs them over in filence. Having found that males ſuffer 
more in the birth than females, 1 was deſirous of knowing 
whether the chance of the mother's recovery was thereby in 
any degree affected; and to determine this I was once more at 
the pains of turning over our regiſtry with care. I found, 
that of 214 women, dead of ſingle children, 50 were deli- 
vered of ſtill· born males, and 15 of ſtill- born females; 76 of 
lving males, and 73 of living females. Of the 15 dead of 
twins, 6 had twins one of each ſex; 6 others had twins both 
of the male ſex ;- and three had twins both of the female ſex. 
All of which twins (two or three excepted), it is very re- 
markable, ſurvived the death of their mothers. It would 
appear then, that the life of the mother is ptincipally endan- 
Vol. LXXVI. B b b gered 
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5 Rn. Total 256 dead and Nl ben. | 
Proportion of aſs twins Mag P 17 to oc 
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s of dead and ill-born whether | „ Totals of twins, Rec. dead and ſtill- born. 
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Read May 4, 1786. 


SIR, 


Naples, January 24s 1786, 


HE eruption of Mount Veſuvius, which began in the 
month of November 1784, nearly at the moment of 
my return from England to this Capital, and which continued 
in ſome degree till about the 2oth of laſt month, has afforded 
much amuſement to travellers unacquainted with this wonder- 
ful operation of nature, but no new circumſtance that could 
juſtify my troubling you with a letter on the ſubject. The 
lava either overflowed the rim of the crater, or ifſued from 
{mall fiſſures on its borders, on that fide which faces the mouns 
tain of Somma, and ran more or leſs in one, and at times in 
three or four channels, regularly formed, down the flanks of 
the conical part of the volcano; ſometimes deſcending and 
ſpreading itſelf in the valley between the two mountains; and 


once, when the eruption was in its greateſt force, in the month 
of November laſt, the lava deſcended ſtill lower, and did ſome 
damage to the vineyards, and cultivated parts at the foot of 


Veſuvius, towards the village of St. Sebaſtiano; but generally 
| the 
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. Sir Wimmer Hamer vor- ; Deſeridtin 
the lava, not being abundant, ſtopped and cooled before it was 
able to reach the valley. By the accumulation of theſe lava's 
0 the flanks of Veſuvius, its form has been greatly altered; 
and by the frequent exploſic jon of ſcoriæ and aſhes, a Konk: 
derable mountain has been formed within the crater, which 
now fiſing'muth above its rim has likewiſe given that part of 
the mountain a new appearance. Foſt before I left Naples, in 
May 1783, I wagat the top of Veſuvius. The crater was cer- 
tainly then more than 2 50 feet deep, and was impracticable, its 
| fides being nearly perpendicular. This eruption, however, 

| has been as ſatisfactory as could be deſired by the inhabitants 
of this city, a prodigious quantity of lava having been diſ- 
gorged; which matter, confined within the bowels of the 
earth. would probably have occaſioned tremors; and even ſlight 
s might prove fatal to Naples, whoſe houſes are, in gene - 
ral, very high, ill built, and a great number in almoſt every 
Fatty already ſupported by props, having either ſuffered by 
former earthquakes, or from the looſe volcanic ſoil's having 
been waſhed from under their foundations by the torrents of 
rain water from the high grounds which ſurround Naples, and 
on which a great part of the town itſelf is built. 

From the time of the laſt formidable eruption of Mount 
Vefuvius, in Auguſt 1779 (deſcribed in one of my former 
communications to the Royal Society) to this day, I have, 
with the affiſtance of the Father Antonio Piaggi ®, kept an 
exact diary of the operations of Veſuvius, with 3 
_— by the quantity of . the degrees of fermenta- 


1 ** This Padre Antonio . 18 the i ingenious Monk who 3 the bed 
of unfolding and recovering the burnt ancient manuſcripts of Herculaneum, and 
who refides conſtantly at Reſina, at the foot, and in full views of Mount 


Veſurius. 
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tioh of che voleano; alſo the courſe of the lava's during fhis 
laſt eruption, and the changes that have been made in the form 
of the mountain itſelf by the lava's and ſcoriæ that have been 
ejected. This journal is becoming very curious and intereſting ; 
it is remarkably ſo with reſpe& to the poin ting out a variety of 
fingular effects that different currents of air have upon the 
ſmoke that iſſues from the crater of Veſuvius, elevated (as you 
know, Sir) more than 3600 feet above the level of the ſea;. 


ts but, except the ſmoke increaſing conſiderably and conſtantly 1 
r, when the ſea is agitated, and the wind blows from that quarter, | | 
ts the operations of Veſuvius appear to be very capricious and || 
{- W uncertain, One day there will be the appearance of a violent 1 
he fermentation, and the next all i is calmed again: but whenever 


ht the ſmoke has been attended with conſiderable ejections of 
ccoriæ and cinders, I have conſtantly obſerved, that the lava 
has ſoon after made its appearance, either by boiling over the 
crater, or forcing its paſſage through crevices in the conical 
part of the volcano. As long as J remain in this country, and 
have the neceſſary aſſiſtance of the above - mentioned ingenious 
Monk (who is as excellent a draughtfman as he is an accurate 
and diligent obſerver) the Veſuvian diary ſhall be continued: 
and I hope one day to have the honour of preſenting theſe 
curious manuſcripts (which begin now. to be voluminous) to | 
the Royal Society, if it ſhould think them wor of a 1 
in the Library of the Society. 
Having never had an opportunity of examining the «lands of 
Ponza, Palmarole, Zannone, and other ſmall iſlands, or rather 
racks, ſituated between the iſland of Ventotiene and Monte 
Circello, near Terracina, on the Continent; and thinking 
that by a tour of theſe iſlands I ſhould be enabled to render 


my former obſervations more complete, and to communicate. 
to 
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to yon, Sit, ſorne account of the only volcanic party of this 
 heighbourhood hitherto undeſeribed, 1 determined te take 
advantage of the abſence of their Sicilian Majeſties (who were 
then making the tour of Italy) and viſit theſe iſlands. But be- 
fore I put this plan in execution, 1 -made a long excurſion in 
the province of Abruzzo, as far as the Lake of Celano, an- 
ciently. called Fucinus, and where the famous Emiſſary of the 
Emperor CLavupvs (a meſt ſtupendous work * for draining 
that lake) remains nearly entire, though filled up with rubbiſh 
and earth in many parts, and of «courſe uſeleſs. The water of 
this lake, which is more than 30 miles in circumference, in- 
creaſes daily, and is deſtroying the rich and cultivated plains 
on its borders. At is ſurrounded by very high mountains, 
_ of them covered with ſnow, and at the foot of them 
are many villages, and rich and well cultivated farms. Upon 
he whole 1t is the moſt beautiful lake I ever ſaw, and would be 
«complete, if the neighbouring mountains were better wooded. 
This lake furniſhes abundance of fiſh, but not of the beſt 
quality: a few large trout, but moſtly tench, barbel, and 
dace. In the ſhallow water on the borders of the lake, I ſaw | 
thouſands of water ſnakes, purſuing and preying upon a little 
fiſh like our thornbacks, but much better armed, though their 
defenſive weapons ſeemed to avail them but little againſt ſuck 
ravenous foes.” — 
I went with torches into the emiſſary of 3 as far as 
Icould. It is a covered under-ground canal, three miles long, 
and great part of it cut through a hard rock ; the other parts 
— by maſonry, with wells ſunk to give air and light. 


* A deſcription of this emiſſary of CLavprys, ahh plans (though not very. 
exact) has been publiſhed by FazzerrTI, in the lacks oak in which he has given 
an account of 'Txajan's column. F | 


According 


— 


ſand men eleven years on this great work, intended to canvey 


antiquity. 
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the ſuperfluous: water of the lake into the bed of the river Liris, 
now called Garighano; and I make ho doubt, but that if it 
was Cleared and repaired, it would again anſwer that purpoſe; 

In its * ſtate it is a moſt e monument "of 


The als conntry 4 gebe; the native 0 of Ma- 
tus “, by Iſola, Sora, Civitella, and Capiſtrello, to the lake 


of Celano, is, iu my opinion, infinitely more beautiful and 


pictureſque than any ſpot I have yet ſeen on the Alps, in Savoy, 
Switzerland, or the Tyrol. The road is not paſſable for car< 


riages, and indeed is ſcarcely ſo, even in ſummer, for horſes or 
mules, and is often infeſted with banditti; a party of which, 
_ conſiſting of twenty-two, had quartered themſelves in a village: 


which I paſſed through, and left it but a week before my 
arrival. There are many wolves and ſome bears in the adja- 
cent mountains, which alſo commit their depredations 1 in the 


winter. The tyger- cat, gatto pards, or lynx, is ſometimes: 


found in the woods of this part of Abruzzo. 


The road follows the windings of the Sie ane which: is 


here a beautiful clear trout ſtream, with a great variety of 


caſcades. and water · falls, particularly a double one at Iſola, 


near which place. Ciczno had a villa, and there are ſtill ſome 
remains of it, though converted to a chapel. The valley is 


| extenſive, and rich with fruit trees, corn, vines, and olives. 
| Large tracts of land are here and there covered with .woods of - 


* Man1vs had a large villa, ** i miles diftant 1  Arpino; 1 
vent to vifit the ſpot, on which now ſtands the only convent of the auſtere: 


wilt of the ruins of Maxivs's houſe, and its preſent name is caſa Mit.. 
oak 


order of La Trappe in Italy. It is in the Pope's ſtate, and has vs br 8 
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1 Iſchia. I have nothing to add to my former obſervations on 


column. of boiling water bubbles upon the ſurface of the ſea 


conſiderable, I was not able then to examine this curious ſpot 


2 planks for ſhip-building ; ; and that the fiſhermen alſo frequently 
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kyn$+ cleſivug;/qid>ticaber trees, uf the largeſt fue! - The 
[neareſt the valley rife gently, and are adorned with 
cither modern caſtles, towns, and villages; or the ruins of ancient 
ones. The next range of mountains, riſing | behind theſe, are 
covered with pines, larches; and ſuch trees and fhrubs ag 
vſuallynabaund in a like ſituation: and :above.athem a third 
range of mountains and rocks, being the moſt elevated part 
of the Apennine; riſe much higher, and, being dovered with 
eternal ſnow, make a beautiful contraſt, with the rich valley 
above mentioned; and the ſnow is at ſo great a diſtance; as not 
to give that uncomfortable chill to the air, which 1 have 
always found in the narrow vallies of the Alps and the Tyrol. 
Bsxcuſe me, Sir, if from the impreſſion which this enchanting 
and little frequented country has left on my mind, I have been 
. to depart from * * of this _— to which I will 
return directly. nt ele 1 1. WH Ge 
On the 15th of 1 laſt I went in a * to the iſland. 


4 


au 


this iſtand, already communicated to the Royal Society; ex- 
cept that about ſixty yards from the ſhore, at a place called St. 
elo, ſituated between the towns - of. Iſchia and Furia, a 


with great force, and communicates its heat to the water of 
the ſea near it; but as the wind was very high, and the ſurf 


as J could have wiſhed, but will return there on purpaſe ſome 
other time. The inhabitants of the neighbourhood 'told me, 
that it always boiled up in the ſame manner, winter and ſum- 
mer; and that it was of great uſe to them in bending their 


made uſe of this natural cauldron to boil their fiſh. Though 1 


4&0 have 


* 
1 
* 


7 n 
have hon at Arent times many weeks in the iſland of 


Iſchia, I never before heard of this phænomenon; but in my 
deſeription of this iſland mention is made of ſeveral ſpots 
where, near the ſhore, IJ had found, when bathing in the ſea, 
the ſand under my feet ſo hot as to oblige me to retire haſtily. 
This boiling ſpring reminds me of one near Viterbo in the 
Roman State, which I have ſeen, and 1s called the Bulicame. 
It is a circular pool of about ſixty feet in diameter, and ex- 
ceedingly deep, the water of which 1s conſtantly boiling. It 


is fituated in a plain ſurrounded by volcanic mountains. A 
ſtony concretion floats on the ſurface of the pool, which being 


carried off by the ſuperfluous water is depoſited, and is con- 5 
ſtantly forming a labes or tuffa, of which all the ſoil around 
the pool is compoſed. You have ſeen, Sir, the like operation 


in greater perfection in Iceland, at the famous boiling ſpring of 
Geyſer. I am convinced, that many of the finer fort and 
moſt compact tuffa's we meet with, in countries formed by vol- 


canoes, have been produced i in the ſame manner. | 

'The 18th of Auguſt I arrived at the iſland of Ventotiene, 
about twenty-five miles from Iſchia. It is greatly improved 
ſince my former viſit, ſeven or eight years ago, when his Sici- 
lian Majeſty firſt planted a little colony there. It then pro- 


duced neither corn nor wine; now it furniſhes annually at leaſt 


F ſeventy butts of wine and two thouſand tomoli of corn. The 


foil is remarkably fertile, from whence it probably took its - 


ancient Greek name of Pandataria. This iſland contains at 


preſent more than three hundred inhabitants. The iſland of 
Ventotiene, and the ſmaller one called St. Stefano, within a 
mile of it, having been deſcribed in my Campi Phlegræi, as 
being both entirely compoſed of volcanic matter, I need not 
trouble you further on their ſubject; I will only mention a 
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EY S Wu HamiTon' 8 Deſcription 
curious eircumſtance in the natural hiſtory of birds, of which 
I ] was informed by au officer of the garriſon of Ventotiene, 
who is a great ſportſman, and ſhoots often in the ifland of St. 
Stefano, inhabited only by hawks, and a large kind of ſea- 
gulls ; but is occaſionally viſited, as a reſting place, by divers 
ſorts of birds of paſſage. In the month of May great flights 
of quails arrive there from Africa, ſpent with fatigue ; and 
many of them fall an eaſy prey for the hawks and ſea gulls; 
but, as their arrival depends upon one prevailing wind, there is 
often an interval of many days between one flight and another. 
My in former aſſured me, that the hawks conſtantly, during the 
a flights, make a proviſion of. each day's prey, laying them up 
in ſeparate heaps of fix or ſeven, near their haunts, always 
3 feeding firſt upon thoſe of the oldeſt date. The ſea-gulls have 
not the ſame foreſight, but greedily fall upon their unhappy 
victims i in their languid ſtate before they reach the ſhore, and, 
having beat them down into the ſea, ſwallow numbers of them 
whole. Extraordinary. as this may appear, yet as facts related 
| by- perſons of credibility in any branch of natural hiſtory 
are always pleaſing, I thought you would excuſe this digreſ- 
ſion. Give me leave likewiſe to add, for the information of the 
curious in antiquities, that, during my ſtay. in the ifland of 
Ventotiene, I got out of the ruins. of an elegant ancient bath 
(ſuppoſed to have been built for the uſe of JuLI A, daughter of 
AvugGusTus, whilſt ſhe-was in exile here) a fragment of a tile, 
on which are ſtamped the following characters in baſſo relievo, 
HACINI 


IVLIAI 
Ans. F 


Which, according to the interpretation of a lb anti- 
quary at Naples, mean Opus Hacini ad commodum Balne: 
JuLiz AuGusTE fadtum. I was informed, that ſeveral entire 


tiles, 


N the Ils Ju Ponza. 
tiles, with a like inſcription, had been dug up on a ſpot, 
and had been made uſe of in building the church and barracks 
newly erected in this iſland. Another fragment of a tile was 
likewiſe found here, and .given to me, with the following 
inſcription : 


373 


AB. 41. | 
which the ſame antiquary explains, $ABINAE AVGVSTAE, Piæ 
Imperatrici dicatum Balneum; but, I believe, there is no men- 
tion in ancient authors of SaBiNna having been at Pandataria : 


of JuLIa's baniſhment to this iſland there can be no doubt. 
Between Ventotiene and the iſland of Ponza, and from the 
latter at the diſtance of about twelve miles, a group of rocks 


riſe ſeveral feet above the ſurface of the ſea. They are called 


the Botte, and are compoſed of a compact lava; probably they 
are the ſmall remains of another volcanic iſland, the ſofter 
| parts of which may have been carried off and levelled by the 


action of the ſea, which is open and violent here. 


The 20th of. Auguſt I arrived at the iſland of Ponza, am 


thirty miles from Ventotiene, and the next day I went round 
it in my boat. It is near five miles long: its greateſt breadth 


not more than half a mile, and in ſome parts not more than 
five hundred feet. It is ſurrounded by innumerable detached 


rocks, ſome of them very high, and moſt of which are of 


lava; in many are regularly formed baſaltes, but none in large 


columns. In fome parts the baſaltes have a reddiſh tint of 


iron ochre, are very ſmall, and irregularly laid one over another, 


Some maſſes of them are in a perpendicular, others in an hori- 


zontal, and others again in an inclined poſition ; and the rocks 

themſelves, in which theſe maſſes are found, are lava of the 
ſame nature as the baſaltes. At firſt ſight theſe rocks have 
very much the appearance of the ruins of ancient Roman 


ee brick 
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brick or rather tile buildings, as may be ſeen in the drawing 


(fee Tab. XI. fig. 1.) taken on the ſpot. One rock, as appears 
in the drawing (ſee Tab. XII. fig. 4.) is compoſed of large 
ſpherical baſaltes; and in many parts of the iſland I found the 
Hava had inclined to take the like ſpherical form, though on a 
much ſmaller ſcale, ſome of the firſt mentioned round baſaltes 
; being near two feet in diameter. All theſe rocks have certainly 
been detached by the action of the ſea from the iſland, which 
is intirely compoſed of volcanic matter, lava's, and tuffa's, of 
various qualities and tints, green, yellow, black, and white. 
Some of the tuffa's, as well as the lava's, are of a texture 
more compact than others; and in ſome parts of the iſland 
great tracts ſeem to have undergone the ſame operation as is 
mentioned in one of my former communications to be in full 
force at a ſpot called the Piſciarelli, on the outſide of the Sol - 
faterra, near Puzzole, and where a hot ſulphureous vitriolic 
acid vigor converts all which it penetrates, whether lava's, 
tuffa 8, volcanic aſhes, or pumice ſtones, into a pure clay, 
moſtly white, or with a light tint of red, blue, green, or 
yellow. The appearance of a tract of volcanic country, which 
has undergone this operation, is well exprefled in the view of 
the inſide of the' harbour of Ponza (Tab. XI. fig. 2.) But I 
was ſo ſtruck with the beautiful and uncommon appearance of 
one of theſe high volcanic grounds converted to a pure light 
coloured clay (Tab. XII. fig. 1.) in contraſt with a neighbour- 
ing dark baſaltic rock, that I cauſed the drawing, which 
accompanies this letter (ſee Tab. XII.) to be made on the ſpot. 
You, Sir, who have ſeen ſuch a variety of countries, will ſtill 
think this view fingular and beautiful. I can affure you, it is 
very exact, except the rock of round baſaltes (fig. 4.) which, | 
in nature, is at a diſtance from this ſpot, and only placed here 
Ad Le” 5 


poſe of building. It is as hard as our Bath ſtone, and nearly 
of the ſame colour, without any mixture of fragments of 
lava or pumice ſtone, which uſually abound in the tuffa's in 
the neighbourhood of Naples, Baia, and Puzzole. 

The drawing (ſee Tab. XI.), which is a view of the harbour 
of Ponza, will give you a very good idea of the appearance of 
the iſolated rocks of lava and baſaltes which have been ſepa- 
rated, by the force of the ſea, from the ſofter parts of the 
iſland, and of which there are an infinite number, as you will 
ſee in the exact geometrical plan of the iſland of Ponza (Tab. 


X.), which likewiſe accompanies this letter. 


When I was laſt in England, I inquired of many of the 


manufacturers of glaſs, whether it had ever happened, that 
the glaſs cooling in their furnaces had taken any diſtinct forms 
like priſms or cryſtallizations ; but I got no ſatisfactory anſwer 
until J applied to the ingenious Mr. Parxer, of Fleet-ſtreet, . 
| who not only informed me, that, ſome years ago, a quantity 
of his flint glaſs had been rendered unſerviceable by taking 
} ſuch a form in cooling ; but alſo gave me ſeveral curious ſpeci- 
mens of the glaſs itſelf: ſome of them are in laminz, which 


may be eafily ſeparated; and others reſemble baſaltic columns 


in miniature, having regular faces. I was much pleaſed with . 
this diſcovery, proving to me, beyond a doubt, the volcanic 


origin of moſt baſaltes. Many of the rocks of lava of the 


iſland of Ponza are, with reſpe& to their configurations, 
ſtrikingly like the fpecimens of Mr. Parxzr's above-men- 


tioned glaſs, none being very regularly formed baſaltes, but all 
having a tendency towards it. Mr. PARKER could not account 


for the accident that occaſioned his glaſs to take the baſaltic 
forms; 


n "of inde #75 - „ 
| to luſtrate what I have written on its ſubject. In one part of 
the iſland there is a ſort of tuffa, remarkably good for the pur- 
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forms; but I have remarked. both in Sicily and at Naples, 
that ſuch lava's as have fun into the ſea, are either formed into 
regular baſaltes, or have a great tendency towards ſuch a form. 
The lava s of Mount Etna, which ran into the ſea near Iacci, 
as appears in my account of them in the Campi Phlegræi, are 
perfect baſaltes; and a lava that ran into the ſea from Mount 
Veſuvius, near Torre del Greco, in 1631, has an evident ten- 
dency to the baſaltic forms. On Mount Veſuvius I never 
found any thing like columns of baſaltes, except the above- 
mentioned at Torre del Greco, and ſome fragments of very 
complete ones, which 1 picked up near the crater, after 
the eruption of 1779, and which had been thrown out of the 
mouth of the volcano. We, 
The iſland of Palmarole, which is about four miles from 
Ponza, 1 is not much more than a mile in circumference, | 1s 
compoſed of the ſame volcanic matter, and probably was once 
a part of Ponza; and indeed it appears as if the iſland of 
Zannone, which lies at about the ſame diſtance from the iſland 
of Ponza, was once likewiſe a part of the ſame iſland of Ponza; 
for many rocks of lava riſe above water in a line between 
the two laſt mentioned iſlands, and the water is much ſhal- 
lower there than in the other parts of the gulph of Terracina. 
The iſland of Zannone is larger and-much higher than Pal- 
marole, and the half of the iſland neareſt the Continent 15 
compoſed of a lime-ſtone, exactly ſimilar to that of the Apen- 
nines, on the Continent near it; the other half is compoſed of 
lava's and tuffa's, reſembling | in every reſpect the foil of the 
other illands juſt deſcribed. Neither Palmarole nor Zannone 
are inhabited ; but the latter furniſhes bruſhwood in abun- 
dance for the uſe of the inhabitants of Ponza, whoſe number, 
including the garriſon, amounts to near ſeventeen hundred. 


The 
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The uninhabited iſland of St. Stefano furniſhes fuel in the like 
manner for the inhabitants of Ventotiene. 


m. It is probable, that all theſe iſlands and rocks may in time be 


ci, I levelled by the action of the ſea, Ponza, in its preſent ſtate, 
are is the mere ſkeleton of a volcanic iſland, as little more than its 


en- gradually mouldering away. Other new volcanic iſlands may 
likewiſe be produced 1n theſe parts. 

ve- The gulphs of Gaeta and Terracina may, in the courſe of 
ery time, become another Campo Felice *; for, as has been men- 


fter tioned in one of my former communications on this ſubject, 


the the rich and fertile plain ſo called, which extends from the 


bay of Naples to the Apennines, behind Caſerta and Capua, i 
om has evidently been intirely formed by a ſucceſſion of ſuch vol- 


, is I canic eruptions. Veſuvius, the Sol faterra, and the high volca- 
nce nic ground, on which great part of this city is built, were 
| of once probably iſlands; and we may conceive, the iflands 


none, to be the outline of a new portion of land, intended by 


territory to the iſland of Sicily, If you caſt your eye, Sir, on 


you will better underſtand my meaning. 


* The governor of the caſtle of Ponza, who has reſided there fifty-three years, 
told me, that the fland was {till ſubje& to earthquakes; that there had been one 
violent ſhock there about four years ago; but that the moſt violent one he ever 
felt there was on the very day and hour of the great earthquake which deſtroyed 
Liſbon; that two houſes out of three, which were then on the iſland, were thrown 
down. This ſeems to prove, that the volcanic matter, which gave birth to theſe 
lands, is not . 


harder vitrified parts remain, and they ſeem to be ſlowly and 


of Procita, Iſchia, Ventotiene, Palmarole, Ponza, and Zan 
nature to be added to the neighbouring Continent; and the | 
Lipari iſlands (all of which are volcanic) may be looked upon 


in the ſame light with reſpect to a future intended addition of 


the map at the head of my deſcription of the Campi Phlegræi, 


The 


4 * >... 4 4» 
"i void. TD 
3 


** 2 * % naw bd - — * ry 2 — T >> l "OF . = 1 
D EEO e 4 — — - — N — 
2 ; ; : EY 2 1 Ag bag "4 \ » . o th X99 : Au >> a. 5 N Fa e een * 2 4 « Y l * . 
1 - By > 2 _ * fee - 4 2 * 1 WC, I * 17 W * 1 $4 1 7 Wenn "8 wa © 7-6 Sn s. *F 3 Kg * of GT c * on * 2 1 8 
22 q "9 4 
— — > 
. —_— > p . — -- „ 
_ * —_—— Yin . oc — _— : 
_— — * * 
* . — 1 


„4 


— — 


My : 4 —— * D . hy 
> 4 Ss — ll —_— = = — = 
ra Li 


1 2 7 4 4 * n 4 
o r * 0 = 2 2 ö 4 * TL I * 2 
5 7 : * * - 9 1 ' * d 
4 2 » 3 N * 
, , by 1 9 * * 9 
a * — 
* 1 " \ 


7 % * — . # * * % 4 a - - 0 
| — 4 4 - o * w_ 4 , N F 0 4 
_ We * kn > : J * 
4 ; 


3 Int $i Wirth id: vhs ; Defeription 


The more opportunities I have of examining this volcinic ' 
country, the more I am convinced of the truth of what I have 
already ventured to advance, which is, that volcanoes ſhould | 

be conſidered 1 in a creative rather than a deſtructive light. 
Many new diſcoveries bave been made of late years, particu- 
larly, as you well know, Sir, in the South-Seas, of iflands 
| which owe their birth to volcanic exploſions ; : and ſome, indeed, 
where the volcanic fire ſtill operates. I am led to believe, that 
upon further examination, moſt of the elevated iſlands at a | 
conſiderable diſtance from Continents would be found to have a 
volcanic origin ; ; as the low and flat iſlands appear in general to 
have been formed of the ſpoils of ſea productions, ſuch 28 
corals, madrepores, &c. But I will ſtop here, and not deviate 
from the plan which I have hitherto ſtrictly followed, of 
19 reporting faithfully to my learned Brethren of the Royal So- 
= ciety ſuch facts ouly as come immediately under my own ob- 
| ſervation, and as I think may be worthy of their notice, 
and leave them at full liberty to reaſon upon them. 
We may flatter ourſelves, as a very great progreſs has been 
1 made of late years in the knowledge of volcanoes, that by 
=_ . combining ſuch obſervations as we are already 1 in poſſeſſion of, 
with thoſe which may be made hereafter, in the four quarters 
of the world (in all of which nature ſeems to have operated in 
= like manner), a much better theory of the earth may be eſta- 
| bliſhed than the miſerable ones that have hitherto appeared, 
If Thoſe who have not had an opportunity of examining 2 
© volcanic country, as I have for more than twenty years, would 
little ſuſpect, that many curious productions and combi- 
nations of lava's and tuffa's were of a volcanic origin; eſpe- 
cially when they have undergone various chemical operations 
of nature, ſome of which, as I have mentioned in a former. 
4 commu- 
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"sf the Wand of Domes. 


— as. well as in this, have wa expatl of oog 
verting tuffa's,. * 8, ang pumice dae, into the .Pvreſt 
clay. 


| natural hiſtory are but too apt to fall into the dangerous error 
of limiting the order of nature to their confined ideas: for 
example, ſhould they ſuſpe& a mountain to have been a vol- 


cano, they immediately climb to its ſummit to ſeck for the 
crater, and if they neither find one, or any ſigns of lava or 
pumice-ſtone, directly conclude ſuch a mountain not to be 
volcanic: whereas, only ſuppoſe Mount Etna to have ceaſed 
5 erupting for many ages, and that half of its conical part 
| ſhould have mouldered away by time (which would naturally 
be the conſequence) and the harder parts remain in points, 
forming an immenſe circuit of mountains (Etna extending ; at 
5. | 
ſerver as I have juſt mentioned would certainly not find a _ 
.on the top of any of theſe mountains, and his ideas would be 
too limited to conceive, that this whole range of mountains 7 
were only part. of what once conſtituted a complete cone and 


its baſis more than one hundred and fifty miles) ; ſuch an 


crater of a volcano, It cannot be too ſtrongly. recommended 


to obſervers | in this, as well as in every other branch of natural 

hiſtory, not to. be over-haſty i in their deciſions, nor to attribute | 
every production they meet with to a ſingle operation of da- 
ture, when perhaps it has undergone various, of which 1 haxe 


given examples i in the iſland, which has been the principal Jub- 
2 this, letter. That which was one day i in a calegroqys 


—_— by pn * ng of the Kd ac Sy Gre, and che addition 
of ſome natural ingredients, ſuch as fea falts and weeds, and 
is again transformed to a pure clay by another curious Pre gceſs 
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I have ROO | that young obſervers i in this branch of 
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WY *%Y "8 Wir Mn en D, J 
oth COL The naturaliſt may indeed decide as to che Nee 

2 of any natural produckon; but it would be preſump We 
tion in him to decide as to its former ſtates. As far as I en 4 
judge i in this curious country, active nature ſeems to be con- 
ſtantly employed in compoſing, | decompoting, and recom - 
poſing; but furely for all-wiſe and'benevolent purpoſes, though 
on a ſcale perhaps much too great and extenſive for or our r weak : 1 


wines com ptehenſion. e | 
85 have the honour to be, with great regard and An &c. 
E W. HAMILTOX. | 
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1 ark earth is not yet fo perfectly quiet in Calabria and 
at Meffina, as to encourage the inhabitants to begin to re- 
boild their houſes, and they continue to live in wooden bar- 
Fa Iz There has, however, been no earthquake of conſe- / 
"quence during theſe liſt three months. My conjecture, that 
.the volcanic matter (which was oppoſed to have occaſioned 
the late earthquakes) had vented itſelf at the bottom of the 

. a between Calabria and Sicily, ſeems to have been verified; 

"fot "the | pilot of one of his Sicilian Majeſty E ſciabecques, har- 
in ing bade time after the earthquakes caſt anchor off the pint | 
5 bf Palizzi, where he had often anchored in twenty five fathom | 
"iter," found no bottorh till he cane to ſixty-five Fathotn, aud 
"ha ing ſounded for two miles out at ſea towards point of 
" Spartivents * in Calabria, he ſtill found the ſame can derable 
"Alteration in the depth of the ſea. The inhabitants of Palizii 
lkewiſe declare, that during the great earthquake of the Ith 0 of 
1 5 14 178 3. the fea had frothed and boiled 'vp tremen- 
; off their point. \ | 
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EXPLANATION or THE PLATES. I 

| Fab. . Plan of the iland of Wi. . I 
T ab. XI. View of part of the infide of the harbour of the RY 
" iſland of Ponza. | © 
Fig. 1. Rock of lava, which in many parts is "II" 1 

into regular ſmall baſaltes of a reddiſh caſt, having = 
probably deen tinged with ſome ochre. Moſt of the | 

a detached rocks of this iſland reſemble this. YH 

Fig. z. See p. 274 FRE 

Tab. XII. View taken from the outſide of the barbour of che == 
| iſland of Ponza, near the Lighthouſe; £5 ; 1 
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Fig. 1. Rock of volcanic: matter converted to pure 
clay. . | | 
— 2, Ditto, with ſtrata of nada 
— 3. Rocks of lava inclining to take baſaltic forms : 
— + Rock . of 2 baſaltes. £112 
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* 7THILE at "Y iſland of Johanna, 1 00 the Comora 
VV iſlands, in my way to the Eaſt-Indies, with the g8th | 
Zegiment, I met with an electrical fiſh, which has hitherto 
eſcaped the obſervation of naturaliſts, and ſeems in -many re- 
ſpects to differ id: dhe en . 
which induces lowing account of it, 
with a very rihpbthe Daawing, Sa beg that, if you think 
it deſerves attention, you will do me the honour of preſenting 
it to the Royal Society. The ſituation of a ſubaltern officer, 
in an army upon foreign ſervice, will, I hope, ſufficiently 
apologize for my ſending you fo very imperfe& a-ſketch of 
dhe fiſh, which was made in the field, in a hot climate, undex 
wy every diſadvantage. 
The fiſh is ſeven inches long, two - Hides and a half broad, 
has a long projecting mouth, and ſeems to be of the genus Te- 
trodon. The back of the fiſh is a dark brown colour, the belly 
part of ſea-green, the. ſides yellow, and the fins and tail of a 
ſandy green. The body is interſperſed with red, green, and 
white ſpots, the white ones particularly bright; the eyes large, 


the iris red, its outer edge tinged with yellow. (See Tab. XIII.) 
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| Ea „ate, 8 I Ke. 
be Aland of Johanna i 1 ſituated in latitude 12* 3 ſouth, 


The coaſt is wholly compoſed of coral rocks, which are in 


many places hollowed by the ſea. In theſe cavities I found 
ſeveral of the electrical fiſhes. The water is about 56* or 60? 
of heat of FauxkNRRTT's thermometer. I caught two of 
them in a linen bag, cloſed up at one end, and open at the 


gave me ſo ſevere an electrieal ſhock, that I was obliged to 


quit my hold. I however ſecured them both in the linen bag, 
and carried them to the camp, which was about two miles 


diſtant. Upon my arrival there, one of them was found to be 
dead, and the other in a very weak ſtate, which made me 


anxious to prove, by the evidence of others, that it poſſeſſed 


the powers of electricity, while it was yet alive. I had it put 
into a tub of water, and deſired the Surgeon of the regiment 
to lay hold of it between his hands; upon doing which he 
received an evident electrical ſtroke. Afterwards the Adjutant 


ſhock, but ſufficiently ſtrong to aſcertain the fact. 


with any obſervations of my own upon this fingular fiſh; but 


beg you will conſider this only as a direction to others who 


may hereafter viſit that iſland, and from their ſituation, and 


I have the honour to be, with great eſteem, &c. 


W. PATERSON, 
Lieutenant 98th regiment. 
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other. In attempting to take one of them in my hand, it 


touched it with his finger upon the back, and felt a very * 


After ſo very imperfect an account, I will not trouble you 


knowledge in natural hiſtory, may be better able to deſoribe 
the fiſh, and give an account of its electrical organs. 


, bs 
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* X. Obſervation of the Tranfit of Mercury over the Sun's Dif, 
- made at Louvain, in the Netherlands, May 3, 1786. By 
Nathaniel Pigott, 25 F. R. S. 


13 June 1 5 1786. 


Louvaiti, May 15, 1786. 


Ta 1 of dw was to happen a few days after my 

arrival at this place from England.. Although [I brought 
no. aſtronomical inſtruments with me, I wiſhed to obſerve 
this phznomenon ; : and upon application to M. THysBAERT, 
*Prefident du College Royal, a very diſtin guiſhed Member of this 
Univerſity, he ſupplied me, in the politeſt manner, with the 
following inſtruments, and. a convenient place for the ob- 
ſervation. He carried his attention to the moſt trifling circum- 
ſtances, in order to make my ſituation, in every reſpect, 
agreeable. The inſtruments he provided me with were 2 
Gregorian reflector of 21 inches focal length, with an aperture 
of 41 inches, the magnifying power of which I eſteemed about 
70 or 80, with a good quadrant 18 inches radius, and a com- 
pound pendulum clock, ſteadily fixed, beating dead ſeconds. 


Theſe inſtruments were made in London, and uſed for the 
obſervation 
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"MN. Prootrth — of the Trasft of „ 365 = 
obſervation of Mercury. The rate of the clock, and the appa- 
| rent times thence deduced,” were obtained by equal altitudes of 
the ſun, taken with the quadrant. Theſe were the only in- 
ſtruments I had, and therefore ſuch obſervations as are not 
dependent on the meaſure of time, are to be conſidered as made 
by eſtimation ; however, the moſt important, the internal and 
| external contacts of Mercury, and hence the egreſs of his 

center and the interval of time between the two contacts, were 

made in a very ſatisfactory manner. About fix o clock, when F 
attended for the obſervation, there being a great number of 
folar ſpots, Mercury might eafily have been miſtaken for one; 
but his motion ſoon removed every doubt in that reſpe&. Flying 
clouds obſcured the ſun at intervals; but during the laſt half 
hour, the weather was fine, the ſky clear, the limb of the 
ſun well defined; Mercury round and very black. There 
ſeems to have been ſome miſtake, in reſpect of this phænome- 
non, either in the calculation or the printing of the Con- 
miſſance des Temps of this year: the emerſion of the center of 
Mercury is there fet down at 19 h. 45 apparent time at Paris; 
whereas, by my obſervation, the egreſs of the center at Lou- 
vain was at 20 h. 47” 28” or 29“ apparent time. Taking here 
no other equation into conſideration, except the difference of 
meridians between Paris and Louvain, which, by a great 
number of obſervations, I determined in 1775 to be 9 37” 

time *, the emerſion of the center at Paris muſt have been L 
20h. 37” 51” or 52”, which differs nearly 53' from the com- 
puted time. By the ſame reaſoning, I ſhould ſuppoſe, that 
the emerſion of the center of Mercury at Greenwich was ob- 
krved at 20 h. 28” 35” or 36”. Mercury being ſo very near 


* See Philoſophical Tranſactions, vol. LXVIII. p. 654. 


the 


Gretawichr and Louvain ſtrikes me. The latitude,of Green-/ 


a the effects of —— mut by. conſiderable, ad 


5 ſr ſituation of Greenwich of 18/ 57” in time from this 
Place, muſt occaſian./a' retardation, which, on computatian, 
may be hereaſter allowed for, and added to the ſuppoſed time of 


Ae above · meuticned. deduced from my obſervation here, 
While I am writing this Paper, the reſpectiye ſituation of 


wich is 54% 28” 407; that of Louvain | 50 55 F'*; thedif- 


5 ference Bttle more than half a degree; Greenwich is 9“ 16“ 


-weſt, and Lom ain 9 3 eaſt of the Patis Obſervatory ; the 


* '® 


parallax above-mentioned is therefore nearly, but in a contrary 


ſenſe, equal at the two places, and thus the effects of both arc 


compenſated relatively to Paris. What other advantage may 


reſult from this circumſtance, : would require conſideration. 
Bare notdeifure, at preſent, to revolve it in my mind, as I am 

dꝛeſirous to lay this Paper before the Royal Society as ſoon as | 
| iD, * the favour of Dr. „ our Aſtronomer Royal 


yh * See Philoſophical Tranſaftions, am p. * 
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18 32 30 flying clouds; Mercury ill defined, with ſome wiſh 
ing. 

19 13 30 the ſpot (a) appears thrice as large as Mercury: 
| ſpot (5) twice ditto, 


19 16 30 a perpendicular from the ſun's limb on E. W. 


biſe&s Mercury and (5). 
19 27 30 perpendicular, as above, equi · diſtant from (a) and G. 
Vor. LXXVL E e e Apparent 
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Apparent time. 5. . 
H. M. 8. | 


19 34 30 perpendicular, 3 as way biſects 3 ad ſoot (a) 


19 42 30 perpendicular from n on E. W. is s beyond 
ſpot (0) | 
I 9 45 5 30 it is ſenſibly beyond pot la). | 


5 20 12 30 perpendicular from the ſun's limb on E. W. equi- 


diſtant from (a) and (c). 
20 27 30 Mercury very black, round and well defined. 


20 45 41 internal contact; perhaps a few ſeconds too foon. 
20 47 26 emerſion of center by eftimation. 
20 49 16 external contact. 


20 49 41 Mercury certainly clear of the fun. 


E. Eaſt; W. weſt of the ſolar diſc. 
'The internal contact being at 20 h. 45 41”, and the ex- 
ternal at 20 h. 49 1 


egreſs was 3 m. 351. 


time by the clock to apparent time; more nicety would have 
been Luperfluous but the 1 of Were 2 computed. 
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a. ö. c. d. d. d. are ſpots i in the ſun; Z. zenith; 


16”, the emerſion of the center of Mer- 


cury muſt have been at 20 h. 47 28; which differs only 21 
ſeconds from the eſtimated time; 3 and the duration of total 


N. B. The reaſons why the nine firſt obſervations are all 


marked at 300% is, that in reality they were ſet down at the 
minute only; and that I have added 2. 300 to each to reduce the 
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II. — of the late Tranſit of Mercury over the Is, 
obſerved by Edward Pigott, BY. at Louvain in the Nethec- 
lands; communicated by him in a Letter to Nevil Maſkelyne, 
D. D. F. R. S. and Aftronomer Royal, 


Read June 15, 1786. 


8 1 N, 3 I Louvain, May 27, 1786. 


WI have been fortunate here in ſeeing _— $ egreſs. 
I obſerved it thus : 


Apparent time, May 3- 


8. 
© 4s 25 Mercury” s limb in aun with the ſun's limb Y 
uncertain. | 
20 045 37 ditto ditto; certain. 


10 47 17 Mercury biſected by the ſun's limb. 2+ 
Mercury quite out; clouds for a ſhort en 
which renders the obſervation rather doubtful. 


Though the air was not perfectly free from thin clouds, 
nevertheleſs the limbs were well defined. At 20 h. 45 25”, ¼ 
when I firſt judged Mercury's limb in contact with the ſun's, 
his form, I think, became rather oval. Theſe obſervations 
were made with RamsDEN's two-feet achromatic, magnifying | 
about 70 times. The above times diſagreeing fo conſiderably 
with the tables will, I imagine, not a little ſurpriſe M. DE 
La Lana, 


I remain, Sir, with great regard, &c. 
EDW. PIGOTT. 


Ee e 2 


XXII. \ Additional Obſervations on- making @ Thermometer for th 
Wedgwood, F. R. S. and Potter to Her Majeſty. 


Read * on, 1786. 


— 


Y things ke meafuring the higher 8 of heat 
having been honoured: with the notice of this illuß 
trious Society, I now requeſt a further | indulge for a ew 

more obſervations on the fame fubject. | 
In my firſt Paper * I communicated every thmg that expe- 
ience had then taught me, reſpecling both the conſtruction and 
uſe of this thermometer; but more extenſive practice has ſince 
convinced me, that other managements and precautions are 
neceſſury, in order to bring it to the perfection it is capable of 
receiving: for pieces made of the ſame clay, and exactly of 4 
the ſame dimenſions, have been found to differ in the degree of 


their diminution by fire, in cbnſequende of ſome circumſtances 1 r 
ir the mode of their me at that . unheeded, — = 


very difficult to be developed. 1s 
Of the two ways propoſed for a Hans: the ace 
and the preſs, the former was made choice of, as being, for 
general uſe, the moſt commodious. The ſoft clay was preſſed 
into a ſquare mould with. the fingers; and the pieces, when 
dry, were pared down on two oppoſite ſides, by means of 2 


9 Philoſophical rana, Vol. LXXII. ; 
paring 
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pering gage made for that purpoſe, ſo as to paſs exaQly to o at 
the entrance of the converging canal of the meaſurii g gage. 

But the pieces thus formed have been found liable, in paſſing 
through ſtrong fire, to receive a little alteration in their figure, 
which produces an uncertainty with reſpect to their ſubſequent 
meaſurement : the two tides, inſtead of continuing flat, be- '1 
come concave ; the edges, both at top and bottom, projecting 
7 beyond the middle part, ſometimes very confiderably, as at a 
and b, fig. 1, (Tab. XIV.) where AB repreſents a perpendicular 

ſection of an unburnt piece, and 40 a like ſection of the ſame 
piece after it has undergone a heat of 160 degrees. This irre- 
gularity in the form, which is fenfible only after paſſing 
through the high degrees of fire, was obſerved in ſome of 
the early experiments, but was not then Ree upon as 5 being 
4 productive of any error. fo ts 

On more attentively examining this matter, it appeared, chat I 
when the clay is preſſed into a mould, the ſurface in contact 4 
with the mould acquires a more compact texture than the inner 
part of the maſs ;—that this compactneſs reſtrains, in ſome de- 
gree, its diminution it the fire and therefore, that when 
this ſurface, or leis diminiſhable cruſt, is pared off from the 
two ſides only, the piece may be conſidered as having its upper 
and lower ſtrata (AX and BB, "bg. 1.) compoſed of a leſs di- 

miniſhable matter than the intermediate part, the neceffary 
conſequence of which ſtructure will be ſuch a figure as we find 
the pieces to aſſume; for if any ſtratum in the maſs ſhrinks 
lets than the reſt, the extremities of that ſtratum muſt be left 
proportionably prominent. That this was the true cauſe of 
the inequality, I was convinced by firing ſome pieces unad- 
juſted, with all their ſurfaces entire, as they came from the 
mould; for theſe pieces, after paſſing through the ſame ſtrong 
„ fires 
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Fires with the preceding, continued. Har, with the aglesregs 
lac n and x without the leaſt: ſenſible promanegge in any 
rt. 

oo of the 3 2 a this 1 were 3 of 
plaſter, a material more convenient for the workman than me- 
tal, as the pieces part more freely from it, but which contri- 
bad greatly to increaſe the above-mentioned irregularity : for 
the plaſter, by abſorbing a portion of the water from the clay 
contiguous to it, renders the ſurface at the ſame time, even at 
the inſtant of contact, much more conßſtent, and conſequently 
more difficult to preſs 1 into the angles of the mould; ſo that the 
outſides of theſe | pieces were not only more compre eſſed, but 
formed of clay of a different temper from the inner parts, being 
much drier or firmer; a circumſtance which, as will appear 
hereafter, reſtrains ſtill more their diminution i in the fire. 
The moulds were therefore laid aſide, and the preſs adopted 
in their ſtead for as the ſoft clay, preſſed in a cylindrical 
veſſel, gives way and eſcapes through an aperture made for that 
purpoſe (by which means. it is formed into long rods), the 
ſides of the piece cannot be ſuppoſed to receive ſo great a de- 
gree of compreſſure againſt the ſides of the aperture through 
which it is delivered in this aperation, as it does againſt the 

fides of the mould, by which it is confined till every part has 
born a preſſure ſufficient to force the clay into every angle, 
which is much greater | than even a workman would imagine 
till he comes to try the experiment himſelf. 
But with this change ſome new difficulties aroſe; for pieces 
preſſed through the ſame aperture, and from the ſame preſſ ful 
of clay, and adjuſted, when dry, to the ſame point in the 
gage, were found, after paſſing together 2 the ſame 
ſtrong 


Ss fires, to differ in their dimenſions from one | anothery/in 
ſome'inſtances-more than any of the preceding. 
Having hitherto paid no particular attention myſelf to Hs 
mere manual labour of preſſing the clay, I determined, upon 
this event, to go through that and every other operation, how- 
ever ſimple and ſeemingly inſignificant, with my own hands. 
In doing this I obſerved, 'that the power neceffary for forcing 
the clay through | an aperture which bore but a ſmall propor- 
tion to the diameter of the maſs of clay in the preſs, was ſo 
great as to ſqueeze out, along with the clay that firſt paſſed 
through, a conſiderable portion of the water that belonged to 
the reſt. From this over-proportion of water in the compoſi- 
ton of the firſt pieces they were ſoft and ſpongy, and the ſue- 
ceeding ones more and more compact, till at length the clay 
proved fo {tiff as ſcarcely to be forced through at all. 
Clay, containing different proportions of water, is well 
known to diminith differently in drying; but it was not ima- 
zined that, when dry, there would be any difference in its 
ſoblequent diminutions by fire. Experiments however, multi- 
pled in a variety of circumſtances, ſhewed deciſively, what 
the pieces formed in the mould had given grounds to ſuſpect, 
that thoſe formed of the ſofteſt clay, and which had under- 
oe the leaſt preflure, diminiſhed moſt in burning; and that 
tle diminution is uniformly leſs and leſs, in proportion to the 
peater degree of preſſure or compaQtneſs. 
The knowledge of the cauſe of the irregularity ſuggeſted a 
remedy. ] leſſened the width of the preſs very much, ſo as to 
bing the diameter of the maſs of clay, and that of the aper- 
ture through which it is delivered, to a nearer proportion with 
Me auother. A much leſs degree of force being now ſuffi- 


Cent, the pieces, or rods, were proportionably more uniform, 
though 
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though there was ſtill a ſenſible difference, in eonſiſtence, be. 
tween thoſe which were firſt and laſt preſſed out from the ſame 
maſs of clay. The intermediate ones, within a certain dif. 
tanc: from the two extremes, correſponded very nearly with 
one another; ſo that by rejecting a ſufficient number of the 
firſt and laſt, and uſing the intermediate ones only, the i mequality 
may be confidered as almoſt annihilated, 
-I nevertheleſs ſtill found that, in — 0 the edves be. 
came a little prominent, though not ſo much as before, 1 
was aware that theſe pieces muſt partake, in ſome degree, of 
the imperfection of thoſe made in the mould; having their 
ſurfaces rendered, by their friction againſt the ſides of the 
aperture, more compact than the inner part. But I ſuſpected that 
ſomething might depend alſo upon the form, and accordingly 
made many trials for aſcertaining the form that might be leaf 
liable to this irregularity : the angles only were bevilled off, the 
| ſides were rounded, the pieces were rounded all over, made of | 
ovals and other curves, and both the longeſt and ſhorteſt di- 
meuſions were uſed as the extent to be meaſured : the gener 
| reſult was, that the nearer they came to a circular figure, the 
leſs inequality they contracted in the fire, and by making them 
entirely circular, the imperfection appeared to be obviated alto- 
gother ; cylindric pieces bearing the ſtrongeſt fires without the 
leaſt appearance of prominence or inequality in any part of 
their ſurface. I have therefore choſen this laſt form, leaving 
only one narrow flat fide (ab, fig. 2.) as a bottom for the pieces 
to reſt upon, and to diſtinguiſh the yore! in which they a1 
to be meaſured in the gage, 
I have endeavoured at the 8 time to obviate whatever 
inaccuracy the inequality of compactneſs may be capable of 


producing, by ſo adjuſting the aperture through which the 
rods 


. att” an is 
2 7 „ 


* 8 r MT, E 
RR 


* be Therm amen for high . of ar. - I. 

_ are n and on, which. their figure and dimenſions de- 
pend, as to ſuperſede the uſe of the paring gage altogether ; 4s 
that the whole ſurface may remain of the ſame uniform com- 
pactneſs which it received in the preſs. And as it is ſcarcely | 
praQticable, in any mode of forming ſoft clay, to have all the 
pieces preciſely of the ſame dimenſions after drying, I do not 
_ reje&t thoſe which come within two or three degrees of the 
ſtandard, but, inſtead of injuring the ſurface by paring or rub- 
bing, I mark on the ends the degrees which they reſpectively 
exceed or fall ſhort; vrhich degrees are accordingly to be ſub- 
ſtracted, or added, in all obſervations of heat made with thoſe 
pieces. Strictly ſpeaking, an allowance ought to be made alſo 
for the proportional diminution upon this exceſs or deficiency 
itſelf ; but the allowance for three degrees would not, at the 
melting heats of copper, ſilver, or gold, amount to more than 
a ſeventh part of a degree; and at the extreme point of heat 
that I have been able to attain, when the piece has diminiſhed 
15, or nearly one-fourth of its whole thickneſs, it comes 
only to four-fifths of a degree. ; 

It may be proper to take notice of an irregularity i in the 
apparent diminutions of the pieces, which was ſometimes ob- 
ſerved to happen from another cauſe, their bending a little i in 
_ fire, ſo as to be prevented from going ſo far in the gage 

23 they would have done if they had continued perfectly 
ſtraight. But as this takes place only in pieces of conſiderable 
length, and as they derive no advantage of any kind from that 
length, the remedy is too obvious to need being here men- 
tioned. 

Another fallacious appearance aroſe, not from any imper- 
fection in the pieces themſelves, but from a deception with 
reſpe& to the heat in which the compariſon of them had been 
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employed, for firmg them, 7 ſttiall, ſhalloev, eylindvicat veſlet 
(bg. 3. J ſetting the pieces on end, cloſe together, on its bot- 
tom, and placing it in the middle of the fuel, in a common 
air- furnace, with care to keep the fire as equat all round it ag 
poffi ble. It was expected, that all the pieces would receive an 
equal heat; and as they were found, after the operation, to 
differ in their dimenſions, ſometimes confiderably, from one 
another, theſe differences proved a ſource of much perplexity, 
till it was difeovered that the pieces had ny undergone 
unequal degrees of heat. 

In the paper on the compariſon of this thermometer with 
FAHRENYEIT's *, I have taken notice of the great difficulty of 
obtaining, in ſmall furnaces, a perfectly equal beat, even 
through the extent occupied by a few of theſe little pieces: 
and how different tlie heat may be in different parts of one 

veſſel, we may be ſatisfied by an eaſy experiment, vis. ſetting 
a cylindrical rod of clay, of the length of eight or ten inches, 
upright 1 in the middle of a crucible, and urging it with ſtrong 
fire in a common ſmall furnace ; the rod will be found very 
differently diminiſhed at different parts of its height; and if 
its height be ſufficient to reach ſome way above the fuel, 
nearly the whole range of the thermometric ſcale may be pro- 
duced in one rod; an ocular proof, not only of the diverſity 
of heat within a ſmall compaſs, but likewiſe of the peculiar 
ſenſibility of this thermometer, every part of the maſs ex- 
preſſing diſtinctly the degree of heat which it has itſelf felt. 
It will be proper, in this experiment, to have a tube fixed in 
the bottom of the crucible, for keeping the rod fleady, as at 
fig. 4+ By this means the heat of my air-furnace renders # 
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evd af che thotmometric clay tapering, from about . N 
in diameter at top to three at bottom, which are nearly the 
proportions between the width of the piece when unburnt, or 
dut juſt ignited, and when it has ſuffered a heat of 160 Sa; 5 
To the foregoing ſources of inequality in the pieces, one | 
more may be added, ſmall cavities, or air-bubbles accidentally 
incloſed, which ſometimes happened in the earlier experi- 
ments. In order to prevent theſe, particular attention is now 
paid by the workmen to what we call Sanding or ſlapping the 
clay, an operation by which its different parts are intermixed, 
and the maſs rendered of an uniform temper throughout. The 
workman takes a lump of the clay | in his hands, perhaps of we 
pounds weight, and, breaking it in two in the middle, lays one 
part upon the other, and preſſes them flat again, repeating this 
forty or fifty times, or perhaps oftener. Now, conſidering the 
pieces at firſt as two diſſimilar maſſes, with any number of air- 
bubbles incloſed; each of theſe pieces being by the firſt 
doubling divided into two, by the next into four, by the third 
into eight, and ſo on in geometrical progreſſion, each of the 
original maſſes will be divided by the fiftieth repetition into 
vpwards of eleven thouſand millions of millions of inviſible 
lamine : ,—1nviſible, becauſe the lump of clay would, long 
before the laſt doubling, be of one uniform colour, though at 
firſt one-half of it had been black, and the other white. If 
therefore no air be incloſed between the pieces at the times of 
their being put together in this proceſs, all the air which might 
have been in the maſs before would certainly be driven out; 
and, to avoid as much as poſſible the introduction of any freſh 
portions of air, the two ſeparated pieces are each time made 
ſmooth, and a little convex, on the ſurfaces that are to be 
brought together. 5 
rod 5 FE ff 2 By 
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to complete my experiments, though I had ſome taken from a 


pit joining to the firft, and at the ſame depth, it was found to 


diminiſh differently from the former parcel. I then had ſome 
raiſed from different parts of the ſame field and bed, and at 
different depths ; and in various other places in Cornwall, from 


the ſpot where this ſpecies of clayis firſt met with to the Land's- 


End; but all theſe clays differed ſo much from the firſt in the 


quantity of their diminution by fire, and moſt of them like- 
wiſe from each other, that I deſpaired of being ever able to 
find one that would correſpond with it, .or any natural clays 


that could be obtained twice of exactly the ſame 7hermometric 
properties, how ſimilar ſoever in other reſpects. 
Upon a review of the numerous compariſons which I have 


made of theſe new clays, in different degrees of heat, from the 


com- 


By 85 attention to the eircumſtances above ſtated;any fingle 
quantity of clay may be made-up into thermometer pieces, that 
1 differ very little, if any ws at all, ſrom one another. 
But anew difficulty now aroſe, more embarraſſing than any 
of the former ; that of procuring freſh! ſupplies of clay, of 
the ſame thermometric quality with the firſt. The quantity 
of the clay which, after trial of many others, I had made choice 
of, was ſmall; but the particular ſpot it was taken from being 
| known, and having purchaſed the little eſtate in which it was 
raiſed, 1 had not a doubt of obtaining more of the fame when 
1t ſhould be wanted: for clays 1 in general, when raiſed from ay 
a equal depth, in the ſame ſtratum, and near the ſame place, 
are found to poſſeſs the ſame properties, with reſpect to ducti- 
lity in the hands of the workman, a diſpoſition to aſſume by 
fire a porcelain or vitreous texture, ingly or in compoſition, ; 
and all other qualities relative to their uſe in pottery. In this, 
however, I was deceived ; for when a freſh ſupply was wanted, 


fre 
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originate i in the lower ſtages of heat; and of. thoſe which were 
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commencement « of redneſs up to intenſe fire, the moſt ſtriking 
differences of the greateſt part of them from , the old ſeemed to 


got from the neighbourhood of the old, the variations. from it 
in the higher Hinges ſeemed, for the moſt part, iv. be only. con- 
ſequences of thoſe differences in the lower ones. 

L have mentioned, in the firſt Paper, that the original. ther- 
mometer- pic ces had their bulk enlarged a little on the approach 
of ignition; but that by the time they became viſibly red- hot 
throughout, they are reduced to their former dimenſions again; 
and at this moment the thermometric diminution begins. The 
new clays had their bulk enlarged in a much greater propor- 
tion, and the enlargement was of much longer continuance. : 


ſome of them required a heat of 15 degrees to deſtroy the in- 


creaſe which ignition had produced in their bulk, and bring 


| ceeding ſtages of heat, as they required. to bring them. back 
from the enlarged ſtate.. 


them back to their original dimenſions : after this period, moſt 


of them diminiſhed pretty regularly, and uniformly with the 
old, being nearly ſo many degrees behind it, in all the ſuc- 


I have mentioned alſo, in my former paper, that a quantity 
of air is extricated from the clay, moſt rapidly at the period in 
which the augmentation of bulk takes place ; ; and that the 


augmentation was probably owing to this air forcing the par- 


ticles of the clay a little aſunder, previous to the inſtant of 


its eſcape. It was therefore preſumed, that the greater exten- 
ſion of theſe new clays might be owing, either to a greater 


quantity, or ſtronger adheſion, of this combined air: and as 


elay, kept moiſt for a length of time, in certain circum- 


{ 


ances, undergoes a proceſs ſeemingly analogous to fermenta- 
tion, 
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<lays, kept moift for a'twelvemonth, — kept for a conſiderable 


ties, and continue to differ from the ſtandard Gy _ a 
much as they did at firſt. 


ws Nil more eſſential, and by which I wasmuch more diſconcerted; 


larity, keeping only fome degrees behind it, up to a certain 
Period of heat, about that in which caſt iron melts; yet many 


upon an increaſe of the heat beyond that point, to ſwell again: 


and as this effect is conſtant in certain elays, and begins earlieſt 


_ tenacious maſs that envelopes it, the burnt clay is thereby 4 


wood. The degree of heat therefore, at | whe this enlarge- 
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But experiments made on this idea have proved, that thek 


length of time in a heat juſt below viſible redneſs, — boiled in 
water for many hours, —alternately, and repeatedly, moiſtened 
and dried, — ſuffer no alteration in 'their thermometric proper- 


Some of theſe new clays differed from. the old ĩn a property 


for though they continued diminifhing with tolerable — 


of the pieces, urged with a heat known to be greater than 
that, were found not to be diminiſhed ſo much as thoſe which 
Had ſuffered only that lower heat. Further experiments 
mewed, that, after diminiſhing to a certain point, they begin, 


in thoſe which are moſt vitreſcible, and as clays are found to 
ſwell upon the approach of vitrification, I look upon this ſ& 
cond enlargement of bulk, however inconſiderable, as a furc 
indication of the clay or compoſition having gone beyond the 
true porcelain ſtate, and of a diſpoſition taking place towards 
vitrification; which ſtage is always, ſo far as my experience 
reaches, attended with a new extrication of air; and in ſome 
inſtances, this air being unable to make its eſcape from the 


much increaſed in bulk as to ſwim on water like very light 


ment 


moi 40 
. may ate: as 2 criterion 201 the degree of 
vitreſaibility af the compoſition 3 which points out a new uſe 
of this thermometer, enabling us to aſcertain, the degree of vi 
treſeibility- of bodies that cannot actually be vitrified by r 
fires, which: our furnaces are capable of producing. | 2 
All my reſearches among the natural clays proving fruitleſs, 
and the experiments having ſhewn that all thoſe, which could 
ſufficiently refiſt vitrification, diminiſhed 100 little in the fire, 
| endeavoured to find a body poſſeſſed of the oppoſite property, 
that is, diminiſhing 709 much, and, by a mixture of theſe two, 
to produce the medium diminution required. As I could not 
find any natural fubſtance poffeſſed of that property, which 
would not at the ſame time render the compound too vitreſcible, 
| way: obliged to have recourſe to ſome artificial preparation; 
and as the earth of alum is the pure argillaceous earth, 70 
which all clays owe their property of diminution in the fire, 
poſſeſſing that property in a greater or leſs degree according to 
the quantity of alum earth in their compoſition, I mixed ſome 
of this earth with the clay, and found it to anſwer my wiſhes 
completely, both in procuring the neceſſary degree of dimi- 
nution, and increaſing, its unvitreſeibility. So little is this 
compound diſpoſed to vitrification, that tlie greateſt heat 1 
could give it, that of 160%, did not even bring it to a porcelain. 
texture, but left it ſtill bibulous ; and as it does not arrive at 
the porcelain ſtate in this fire, there can be uo danger of its ap- 
proaching too neai to the vitreſcent in * heat that we can. 
produce: in a furnace; 

In orden to obtain the exact medrum required, I took one of 
the beſt of the clays I had procured from Cornwall, and mixed it 
with different proportions of the alum earth, till' the compoſi- 
ton was found, on repeated trials, to * with the original 
un 
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tial; but as many degrees of heat were already befote the 


. — by the ſame numbers. ge | 


the wine ih: water, precipitating with a ſolution of fixed alkali 


let off by cocks in the ſides of the hogſheads ; ; and when the 


its gelatinous ſtate, as in this ſtate it unites eaſily and perfectly 


formly together. 


indeed would it be of any conſeqence if there was a difference 
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in all ah of heat! "This coincidence” was not indeed offers 


public, meaſured by thermiometer-picces made of 'the firſt clay, 
and as the correſpondence of the firſt with Fanzennsr', 
ſcale had likewiſe been in ſome meaſure aſcertained, it was 
deſirable that the ſame degrees of heat ſhould continue to be 


The alum earth is prepared for this porpole by diſſolving 


and waſhing the earth repeatedly with large quantities: of 4 
ing water: when the earth has ſettled, the water above it is 


veſſels are filled up with freſh water, care is taken to ſtir 1 up 
the earth from the, bottom, and mix it thoroughly with the 
Iquor. I find it moſt conveiiient to uſe the earth undried, in 


with the clay; whereas, when the alum earth has concreted 
into dry maſſes, great labour 18 Wan to mix them uni- 


I have tried ſeveral different parcels of Engliſh alum, from 
the ſame and from different manufactories, and found no ma- 
terial difference in the quantity of earth it contains . Not 


in this reſpect, as the proportion of alum earth neceflary for 


* A difference | in the quantity of earth may nite fron Gif proportions of 
Grauzer' s falt and vitriolated tartar, of which I have found quantities ver) 
conſiderable, but nearly alike, in all the Engliſh alum I have examined. Theft 
ſalts are doubtleſs formed by the kelp aſhes employed in the preparation of the 
alum. They are diſcovered by calcining the dried alum with charcoal powder, 
which decompoſes the alum only, leaving the other two ſalts intermixed with 
the alum earth, from whence they may be extracted by water. 


different 


boiling water, before it 1s to be confidered as dry, that is, be · 
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arent clays, and even for different parcels of the Ge clay, 


can only be aſcertained by repeated trials, adding ſucceſſive 
quantities of the earth till the deſired effect is found to be pro- 


duced. Ten hundred weight of the Cornwall porcelain cla 


which I have now in uſe required all the earth that was 
afforded by five hundred weight of alum. 

It is material in this place to obſerve, that the earth of alum- 
ſs extremely tenacious of water, inſomuch that, though appa- 
rently dry, the water and air amount to near as much as the 
pure earth, and are not to be completely driven out without a 
full red heat. When divided by the admixture of other earthy 
bodies, it parts with its water eaſier indeed than before; but a 
mixtu re containing ſo much of it as the thermometric compo- 
ſition does, is far more retentive of water than common clay, 
and requires to be kept for ſome time in a heat equal to that of 


fore the adjuſtment of the pieces in the gage. If they ate 
adjuſted when only apparently dry, or of ſuch a degree of 
dryneſs as they can be brought to by a heat that the hand can 


bear, the heat of boiling water will diminiſh them two or three 


degrees; and the greateſt part of what they have thus been 
deprived of, they gradually recover again on being expoſed to 
the atmoſphere, ſo that the adjuſtment muſt | be made imme 
diately after the boiling heat. 
By the ſame expedient to which J have thus been obliged to | 
have recourſe for procuring to the porcelain clay of Cornwall 
the ſtandard degree of diminution, and reſiſtence to fire, the 
ſame qualities may probably be communicated to any other clay 
that is tolerably. pure from calcareous earth and iron; ſo that 
the thermometer clay is no longer to be conſidered as the pro- 


duce of any N ſpot (which was the principal incon- 
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. 4 . "Mr: Wepowoop' 8 additional Obſervations on 
| venience originally imagined to attend it), but may be pro- 
5 cured and prepared in all parts of the world where good 
| common clay, and alum, are to be found ; and correſponding 
= thermometers may, conſequently, be conſtructed, without 
any ſtandard to copy from. For, if a converging canal be 
formed, of any convenient length, with the widths at the 
two ends in the proportion of 5 to 3, with the ſides perfectly 
ſtraight, and divided into 240 e equal parts, numbering the 
diviſions from the wider end“; — and if a clay be obtained of 
ſuch quality, that when formed, in the manner already men- 
tioned, into pieces of ſuch ſize as to enter to o in the gage or 
canal, theſe pieces ſhall juſt begin to diminiſh, or go a little 
further in the canal, by a heat vilibly red; — go to 27, by the 
heat in which copper melts ;— about go by the welding heat 
of iron; about 160, by the greateſt heat that can be produced 
with coaked pit-coal in a well conſtructed common air- furnace, 
about eight inches ſquare, ſtill continuing bibulous, ſo as ta 
Nick to the tongue: ſuch gages, and pieces of ſuch clay, fo 
i ag uſted, will always compoſe correſpondent thermometers. 
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Having mentioned occaſionally ſeveral alternate periods of 
dilatation and contraction in clay, it may be proper to ſtate, 
and bring into one view, the whole ſuecceſſi jon of changes 
which I have obſerved in this curious material; as otherwiſe 
* they might create ſome confuſion in the minds of thoſe who 
have not had occaſion to think attentively on this ſubject, and 

lead them to aſk how a body ſo variable, and liable to ſuch 
oppoſite changes from different degrees of heat, can yet be a 

| juſt meaſure of thoſe degrees. 


Or the diviſions on the ſide may be continued to 300; and in that caſe, 
inſtead of the widths of the two ends being in proportion of the odd numbers 
5 and 3, the one will be juſt double to the other. + | 

The 
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Ms alt for high Bx 7 e 1 
The changes which take place in all the natural clays _ | 


have come under my examination are fix. 


1. The firſt is, the ſhrinking of the moiſt clay i in drying, 


from the mere loſs of its water. The purer the clay is, the 


more water it requires to ſoften it, and the more it diminiſhes 
in bulk by the loſs of that water. 971 31 

2. The dry clay, gradually heated, W its bulk un- 
varied up to the approach of ignition. At this period it is 


enlarged a little; probably, as already obſerved, from i its com- 
| bined air endeavouring 1 to eſcape. 


z. When this air has made its eſcape, the d begins to dies 
niſh, or to loſe the bulk it had before acquired; and returns 
back, ſooner or later, to the ſame dimenſions which it was of 
when dry. It is at this point that the thermometric- diminu- 
tion commences. | abe 

4. From this point the clay continues to diminiſb more as 


more in proportion as the heat is increaſed. This I call the 
tbermometric ſtage of diminution : 


it is of greater or leſs extent, 
terminating at different periods of heat, according to the na- 
ture of the clay : : in the ſtandard thermometer clay, it com- 
mences with viſible ignition, and continues to (doubtleſs far 
beyond) the extreme heats of our furnaces, an interval con- 
fiſting of 160 degrees of the ſcale: in others, it begins 4, 6, 
and in ſome even 15 of thoſe degrees later, and terminates alſo 


much ſooner: and in ſome its whole extent is not above 20 
of the ſame degrees. Throughout the greateſt part of this 


ſtage, the clays are found to retain their property of ſticking 
to the tongue and imbibing water: between this bibulous ſtate 
and the vitreſcent there is an intermediate one, diſtinguiſhed by 
the name of porce/ain; and to the higher term of this porcelain 
ſtate the ſtage of thermometric diminution ſeems to continue. 
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9 When the clay has paſſed the porcelain ſtate, it begins to | 


te enlarged again, a ſymptom of the vitreſcent ſtage bein 
commenced ; and in this period it ſwells more or leſs, accord. 


8 


1 ing to the nature of its compoſition. 


3 By further heat the ſwelled mats, e fluid, ſubſides, 

SIG is converted into glaſs or flag, and contracted into leſs volume 

than the clay occupied in any of its preceding ſtates. ; 

It is plain, therefore, that clay can be a meaſure of heat no 

further than from ignition, or that point beyond 1 ignition where 

the third ſtage terminates, to the beginning of the vitreſcent 
ſtage; and that, as the three fiſt changes are completely paſſed 


| before the clay is applied to thermometric purpoſes, being 


trily no other than preparatory proceſſes, the thermometer- 
pieces, whatever clay they may be made of (provided it is ſuffi. 
ciently vnvitreſcible), are to be conſidered as poſſeſſing only 
the fourth ſtage. ' But a fingular property of the compeſi ition of 
clay and alum earth remains to be mentioned, viz. that it has 
really no other than this one ſlage: it. ſuffers no enlargement 
of its bulk at ignition, or in any other period; but proceeds in 
one uninterrupted courſe. of diminution, from the ſoft Rate in 


which the pieces are formed, up to the extreme fires of our 


h furnaces. Though the diminution, however, 18 uninterrupted, 
it is at the fame time fo inconſiderable at the beginning, from 


to ignition, that the ſame point of vifible redneſs i is taken for 
the commencement of the ſcale, in this as in the original clay, 
ann any ſenſible error or variation in their progreſs. 


I am inclined to believe, though experiments have not yet 


5 enabled me to ſpeak with certainty on this point, that the ſame 
cauſe which enlarges the natural clays on their firſt expoſure to 


the fire, operates alſo in this compoſition, but in. a much lower 
degree: ; 


the heat of boiling water (at which the pieces are adjuſted) up 


a4 te nen t 555 2 71 Heat... 497 
bares that while the natural clays have their whole maſs 
diſtended by the efforts of the air in forcing its paſſage, the 
conpoſition is only reſtrained in its diminution, or prevented 
from diminiſhing ſo faſt as it otherwiſe would do, and as it is 
found to do in the ſubſequent part of its courſe, , after the air 
has eſcaped from tt. 

As the compoſition of clay and dah earth 1s far more tena- 
cious of water than the clay itſelf, and was found, after being 
dried by the heat of boiling water, to yield, by diſtillation in a 
retort, above three times as much aqueous fluid as the original 
thermometric clay did; it ſeems probable, that a part of this 
water, retained to the approach of ignition, and in a ſtate of 
chemical combination, may facilitate the paſſage of the air, 
ſerving as a vehicle to convey it off through interſtices not 
permeable to air alone, and conſequently enabling it to eſcape 
without doing that violence to the mas, which the natural 
clays ſuſtain from whe expulſion of their air after the water has 
been detached from 1 it; for the experiments of Dr. PriEsTLEY | 
have ſhewn, that veſſels even of burnt clay are permeable to 
air when they have imbibed water into their ſubſtance, though 55 
| not at all ſo in a dry ſtate. 8 
I have now communicated the reſult of a ſeries of experi- 
ments which. have taken conſiderable time, attention, and 
labour to complete. Whether the importance of the object 
will juſtify me in troubling this illuſtrious Society with ſo 
minute a detail of the moſt material operations, and their 
reſults, is not for me to determine. If the thermometer 
ſhould not yet be brought to the perfection that may be wiſhed, 


Hatter myſelf that ſome abler hand may now take up the ſub- 


Fe to more advantage; and that plulolophers and artiſts will. 
not 
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not be leſs ſucceſsful i in ſupplying what may ſtill be deficient, 


and in aſcertainin g, by the contraction of argillaceous matter, 


the meaſurements and effects of the various degrees through 
the immenſe extent of luminous fire, than they have been 
with reſpect to the limited and narrow compaſs of low heat, 


which is meaſurable by the * on of * 
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XXIII. The Latitude and | Longitude of York Aerie from a 
Variety of Aſtronomical Obſervations ; together with a Recom- - 
 mendation of the Method of determining the Longitude of 
Places by Obſervations of the Moon's Tranfit over the Meri- 
 dian. Contained in a Letter from Edward Pigott, Eſq. 
to Nevil Maſkelyne, D. D. F. R. S. and Afironomer 
Royal. 


- 


Read June 29, 1786, 


53 4. &&Bootham, York, March 16, 1286. 


HE great number and variety of obſervations I have 
made for determining the longitude and latitude of 
vork will, I believe, ſettle thoſe. points very accurately : I 
therefore wiſh to have them preſented to the Royal Society, 
| and beg the favour of you to be at that trouble. The inſtru- 
ments I uſed were a good gridiron pendulum clock, a 24 feet 
refleQor, an eighteen-inch quadrant by Bran, and a tranſit 
inſtrument made by S.ssocn. 

The difference of meridians between — and Vork 


was found by the following methods. 


Occultations 
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Oecultations of ſtars by the moon. 
4 41 


- aaa. * | 
York, immertion of a far of the ninth ma Mute 

Rept. e | 14 E. durin g the eclip*e of the moon ; good E 
1 | Paris, at TLEOME natcireds la Marine ; ditto. 
11 49 394] 1 by M. Mxsstex, who determined its R. A. 
ö 22 17“ and ſouth declination 5 27 54 
Oct. 7 14 26 284 Fork 1 * af 3 inſtantaneous. 
114 37 151 Greehwieh, ditto. 

| RY 3 York, immerſion of 3 ies inſtantaneous : I find I 
: Dec. 30 8 1 24 | wrote down the minute wrong, it is here corrected, 
F v 2 563 6 immerkion of ditto, 


Je 
* 


— 


» 


Mr. Goopricxe was fo obliging as to be at the trouble of 
computing theſe occultations, and ſent me the reſults as 
follows: . 


By the far ef te ninth magnirade - — 
By @ Aquaru . 
By #Piſcium compuret to the Greewnrich obſervation 4 38“ F 
| —__ * to Mr. mn. s obſervation, — 4 28 


Difference of 
meridians be. 
7 { tween Green. 

wich and 
4 ; : Þþ 


| we” | 


Obſerved meridian R.A.*s of the moon's limb. 


In 1783 this method of finding the difference of meridians 
occurred to me, and I wrote to Mr. BaxLERT, your hte 
| Aſſiſtant, for information, being entirely ignorant it had ever 

been noticed; but have ſince ſeen, Sir, that you mention it in 
our valuable Inſtructions for the Obſervations of the Tranſit 

of Venus, annexed to the Nautical Almanac of 1 769. I have 
alſo juſt peruſed on the ſame ſubject Abbe ToaLo's ingenious 
pamphlet written in 1784, which you were ſo kind as to ſend 

5 | 9. me. 
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me. Still I find that the great exactneſs of this method is not 
ſuſpected; I therefore ſhall, in the latter part of this Paper, 
enter into ſome neceſſary detail, being convinced that, in a 
very ſhort time, it muſt be univerſally adopted, having every 
advantage over Jupiter's firſt farellite, and but little inferior in 
preciſion to occultations. 


* 


Difference of our meridians by each obſervation. 


1781, Dec. 20. 4 36 1784, July a. 4 
Dec. 29. Ss Nov. 26. 4 © 

af 1782, June 17. 4 Dec. 20. 4 
WE. 0 Nov. 30. 4 bg Dec. 22. 4 
— T7 | 1785, Mar. 19. 4 
1783, Nov. 3 — Aug. 16. 8 
p 4 Aug. 18. " 
Dec. 30. 4 Sept. 12. 4 
1784, May 1. 4 Sept. 17. 4 
May 25. 7 GD 4 
I 

4 241 on a mean. . 


= l _ Obſervations of Jupiter's firſt Satellite. 
it in E os 

1782, June 3.] 12 36 48 | York, it immerged near Jupiter. 
anfit M94 12 1 9 Paris, M. Macnalx. 

Immer ſions. 12 51 7 | Paris, M. CAssixI. 

OUS | [ 13 57 40 | Buda, Father WEISs. 

h —— : | a 
end Vor. LXXVI. Bak a 


me. 
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27 10 


9 39 21 
9 48 54 


110 55 15 


3112 9 50 
112 14 20 
In 24. & 


. LY 
y 9 2 . JR ; : 4 Z * N 
2 . N * r S e K „ 9 , 4 fo, 0 
* . * "> * by of bn fs „ 0 - N 7 7 : * A TYY * N 
4 2 w ' # 1 # * 2 — of TJ -# ras 
* * 7 , *  Y » \ 1 "8-0 EA \ ML - J p . 9 
9 - E 
„ , 4 G 
* = 


| * ber. 


| Obſerraions of Jupiter's 8 arſt Saale continued. 
5 RARE 


| 94846 


5 York. 


10 10 55 
10 10 57 


14 39 52 
114583 5 


1913 15 
19 22 18 
9 $2.44 


10 24 57 


9 8 54] 
Greenwich, Dr. MASKELYNE. 


Sept. 12}. 11 

1411 6 24 
11 10 42 
111 19 47 


1785, July 15 | 


* Immerſions. 


1 


July 31 


I'S 11 57 32 
Immerſions. 12 18 53 


11 53 18 


Tork. 


Greenwich, Dr, MasxELYNE. 
Paris, M. Mecnain; =_ wind. 


Paris, M. Cassin1, 
Buda, Father riss; moon very near Jupiter. 


York ; it immerged near Jupiter. 
Greenwich. 


| Paris, M. Mzcyars, | 


York, Mr Goopntexe ; very- good. 


Oxford, Mr. Hon xs BT. 
0 Paris, M. Mzcaain ; ny 0 


; York ; tolerably good. 
Tork, Mr. GoeDRICKE ;:  middling. 


Paris M. Mzcuaix; air a little _ 


York; ; emerged near Jupiter, 
Paris; thinks rather too late, 


good. 


York ; 


Paris, M. Mgcagin; 6 feet reſlector, magni= 
. fHying 450 times. 


| Paris; with a 32 trips object. Baſs achromatic. 


York; good. 
Vork, Mr. Goopaicxe ; very good. 
| Gremuich: Dr. MasKELYNE. 


Paris, M. MEcHain ;, as on the 5th, 


Paris, M. MgcHain.; as on the Sch. 


Vork; good. 
J By tables corrected 


by the obſervations of Green · 
wich and Marſeilles of July 31, 1785, 


Vork; good. 


Greenwich; air very clear. 
Marſeilles, M. BENNA RD. 
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| Oblerratins of Jupiter $ firſt Satellite © continued. 


Tork; excellent; air remarkably clear, 
| Greemeich; ditto. 5 


| Markithe, M. BYRNARD» 


8 2 39 | | Greeavieh) air very clear. 
8 12 2 1 M. MzcnArx ; a thin cloud, 


hd. 4 2 | x7 44 24 | York; Jupiter men de. 2 
| Emerfions. l 49 131] Greenwich ; ditto air clear, 


By letters. from M. Mecuain, Buda 3 is 1 h. & af ea 0 of 
Paris, and Marſeilles alſo eaſt o h. 12' 77 . 
I obſerved with a 24 feet refleQr, which I 2 to bs 
about 100 of time inferior to the teleſcopes of Greenwich, 
Oxford, Paris, and Buda. As for Marſeilles 1 inſtrument is 
mentioned; therefore, except for that place, 10 10“ muſt be added 


Te. to my immerſions, and the fame ſubtracted from the emerſionsz 
then the difference of meridians between Greenwich and 
Vork will be as follows, when each of the obſervations is 
compared to mine, and a mean thereof taken, : 

Frechs- 


Hh h 2 Immerſions. 
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ade 
1782, fows + 4 5 

1783, July 3. 4 
1784, Aug. 4. 4 39 
1785, July 18. 4 1 


2 8 July 21. 4 25 

1782, Sept. 12 4 8 
78% Sept. 3. 4 53 
eee Sept. f. 4 33 


July 31. en 4 
Aug. 30. 4 TT 1785, Nov. 18. 4 40 
Sept. 157. 4 77 Dec. 12. 4 2 
| 4 24 on a mean ” A io „ 3 43 


—— — 


Therefore, by a mean of the tümer and emerſians,: Yark 
is 4 31” / welt of Greenwich. Mr. Goobnickx's emerſion of 
Sept. 17, 1783, 1s: uſed inſtead of mine, it being undoubtedly 

more exat. 
Jo enter into any detail concerning the Apt of jupiter 8 
ſatellites would be uſeleſs, as it is a matter fo amply conſidered 
by every aſtronomer. I ſhall only ſay that the exactneſs ex- 
pected even from thoſe of the firſt ſatellite” is, in my opinion, 
too highly rated. Among the 'various objection s, there is one 
I have often experienced, and which proceeds ſolely from the 
diſpoſition of the eye, that of ſeeing more diſtinaly at one 
time than at another. It may not be improper alſo to men- 
tion, that the obſervation I ſhould have relied on as the beſt, 
that of Auguſt 30, 178 5, marked excellent, and air remarkably 

clear both at Greenwich and Vork, is one of thoſe which differ 
the moſt from the truth. This I remark without having the 
moſt diſtant inclination of drawing any concluſion; a ſingle 
inſtance can be of no weight. 


Fat of ts eb. of che Moon, Sept. 10, 0 


The two laſt columns ſhew the difference « of meridians FOI 
"Greenwich and Vork. The obſervations marked with an 


aſteriſk Were e made by Mr. Goops Ickx. . 
a ſfork, by Mr. Faria, by | 


Spots obſerved. 


ay M. Mx. M. Mxs- 
App. time. APP» time. [App-t time. CHAIN, 


N ＋ 


8 


& +. tg 


0b 


= WW 


r h. | ge h. 2 „„ b.. „ al. > > 
Galileus biſefted =— [9 45 32 [| 9 58 32] —-— 3 P F 
Ariſtarchus covered — [9 49 137 [10 2 388 = = 4 21. — 

r ee 
Copernicus touches 0 57 2 10 11 18 10 11 8 41 4 15 
23 11 9 58 3 10 12 51 4 91 = => 

——— biſected | { 9 58 55 [10 12 W- — | 347 | - - 
Copernicus covered" — |'9 59 9g* 10 12 5710 12 41] 4 25 | 4 14 

| Plato touches —  Þo 5 7 © 18 371a0 18 40. 4 7 | 4 15; 
Plato covered — 10 6 1 10 19 $2110 19 28] 4 11 | 3.52 
enn 2 fo 25 gall& 25 bf 4 48 ad 
Manilius touches — { IO 11 33. 4 25 34110 Sa 438 |. 4 33: 

= RR I 7 3470 25 24] 4 14 | 4 9, 
Tycho touches 5 10 11 57 ho 25 34110 25 24] 414 | 4 9 
Cornet CT, 10 12 . 10 26 290. 26 '53 4 19 |: 4 48 
ho 13 110 27 19]1o 27 8] 448 | 4 42 
Tycho covered wad 10-13 32 |io 27 190 27 8] 4 24 þ 4 18: 
Menelaus biſeed. Jo 15 41 10 29 19] - |. 4 15 . =- 
Prom, Acut. Cen. covered[1o 25 26* [io 39 5 = - | 416 | = - 
Froclus biſected 10 29 ” 10 42 28 = - FF 4 5 | —- - 
10 30 18* 10. 43 5610 44 oof. 4 15. | 4 26. 
Mare Crifrum couches 11 10 30 18 [to 43 56010 44 00 4 15 | 4 24 
Mare Criſium bifeted 10 32 43* 10 46 34110 3 44e. 
Mare Criſium covered 10 35 38*1,ö 49 11 410 | - — 
— Ce  - = i 2 — — 112 2 54 - - 417 
Grimaldus biſected [12 36 48 i 
„„ = = 1-4-7 
Grimaldus emerged 12 37 25 - [43] - - 
Galileus emerges =— 1— — 142 wr 4. 
Galileus biſected 12 39 16 - - © 35 -.- 
Ariſtarchus biſected. 12 43 8] = - | 44 | —— 


Difference of meridians on a mean 
M. Mzcnain's Obſervatory was g' 23', and M. MzssIEI's 9' 18 caſt of: 


Greenwich, 


4 16“ 


Thus 


. of the Minfter. 
hc b A 25D and meridian dane 'of the moon 8 limb, 


cufficient; but ſtill it is intereſting 1 uſeful to know how far 
the others err. With reſpeck to the eclipſes of the moon's 
ſpots, 1 chink that method is in general too much neglected; 


and that ĩt might be relied on infinitely more, If certain cir- 


curſtances Were mutually attended to. 'Þ Þ 
itt, To be particular in ſpecifying the eliarnels ob; the ky; 
tor in hazy weather the reſults are very erroneous. 


no heſitation, as to the part eclipſed. 

Zaly, That every obſerver ſhould, as much as | poſſible, uſe 
teleſcopes equally powerful ; at kaſt let the * powers 
be the ſame. 
A principal objection may ftill be . viz. the difficulty 
of diſtinguiſhing the true ſhadow from the penumbra. Was 
this obviated, I believe, the reſults would be more exact than from 
Jupiter's firſt, ſatellite: undoubtedly the ſhadow appears. better 
defined|if magnafied little; but 1 am much inclined to think, 
that with high magnifying powers there is greater certainty of 


chuſing the ſame part of the ſhadow, which perhaps is more 


than a Pens 5 for the loſs of diſtinckneſs. 


Concerning the meridian obſervations of the moon's limb. 


The advantages and preciſion of this method for determining 


ſuſpected, 


which make 1 it 4 251. or i” 607 23 5 would have been quite | 


2dly, To chuſe ſuch ſpots that. are well defined, aud i 


the difference of meridians is, as I have already ſaid, ſo little 


> * * * A #2 & * 0 
. * 
* * . F * * X 
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mention will not be thought — 
The rule 1 adopted is this. | 2 


The increaſe of the moon's R. A. in 12 hens 8 ay given 
time) found by computation, is to 12 hours as the increafe of 


the moon's, R.A. between two places, found by obſerrativn, is to 
he 2 of meridians. 


9 
— 1 © 1 


EXAMPLE. 


November 30, 1782. 
h. 


13 12 8 meridian tranfit of the moon 8 ſecond limb 


at Greenwich- 
33 13 29,08 ditto of. N l 


clock. 


31,46 1 Difference of R. A. 


—— 


5 13 14 8,05. meridian tranſit of the moon's ſecond: ond lib . 3 = 
wers 3 14 30,13 dino of « * at Fork by clock. 


—— 2 


22,08 difference at Vork, the. clocks going nearly ſidereal time 
31,46 difference at Greenwich, 1 no correction is required. . 


95 38 increaſe of the moon's apparent k. A. between Greenwieh and 
York, by obſervation, 


17 | | 
M1 in leconds of a degree, ditto, ditto, ditto, 


The ee of the moon's R. A. for 12 hours by computation is 23340 ſeconds, 
and 12 hours reduced into ſeconds is .. 43200 ;. 


therefore, according to the rule ſtated above, 


$2000 5 43500 8. 1% „ ee of nd ee 


Theſe eaſy obſervations and ſhort reduction are the whole of 
nb. the buſineſs. Inſtead of computing the- moon's R.A. for 12 
bours, I have conſtantly taken it from the Nautical Almanacs, 


uning Which give it ſufficiently exact, provided ſome attention be paid: 
little Io the increaſe or-decreaſe of the 1 moon's motion. 


” 


105 woeld undoubtedly be much more "us 
2 Iſt, —— the obſervations to the fame made; in n frond 


* 

_ 32dly, Such 42 as are n in RA. and ae to 
the moon are infinitely preferable. 
4thly, Your advice to get as near as poffible a an equal num- 
ber of obſervations of each limb, to take a mean of each ſet, 
and then a mean of both means, cannot be too ſtrongly urged, 
I am perfe&ly of your opinion, that it will confiderably- correct 
the error of teleſcopes and ſight. 

5thly, The adj uſtment of the teleſcopes to the eye of the 
obſerver before the obſervation, which you alſo recommend, 
will appear very judicious to every aſtronomer, who muſt have 
frequently perceived what you mention, ** the fight 1s 
fubject to vary. 

- 6thly, As a principal error ei from the obſervation of 
the moon's limb, I think it may be conſiderably leflened, if 
certain little round ſpots near each limb were alſo obſerved in 
ſertled Obſervatories ; in which caſe the libration of the moon 
will perhaps be a conſideration. 

Ithly, When the difference of meridians, or of the latitudes 
of the places, is very conſiderable, the change of the moon's 
diameter becomes an equation. 

Though ſuch are the requiſites to uſe this ada with 
advantage, only one or two of them have been employed in 
the obſervations that 'I have reduced. Two-thirds of theſe 
obſervations had not even the ſame ſtars obſerved at Greenwich 


and Vork; and yet none of the reſults, except a doubtful one, 
differ 
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2 bn e while re, I. e 
a ſtill greater exactneſs, . * vor, af tor above” | 
' particulars be attended to. 1 Logr>m 


When the ſame ſtars are not twat, it is a for. 
obſervers at both places to. compute their R. A. from tables; in or- 
der to get the apparent R. A. of the moon's limb; though this is 
not ſo ſatisfactory as by actual obſervation, ſtill the difference 

will be trifling, provided the ſtars R. Als are accurately ſettled: 
m- ¶ Your catalogue undoubtedly may be depended on the moſt, and 
ſet, thoſe ſtars preferred which have their proper motions aſcertained; 
red, A few years ago, I had the pleaſure of communicating to you 
the proper motion of G Virginis, which I found to be 1% 
per year, increaſing in R. A. *: was this unknown, and that ſtar 
obſerved alone with the moon, it would ga at this wy 
L's very conſiderable „ und. 
l am alſo of opinion, that the a d can be put in 
practice by travellers with little trouble, and a tranſit inſtrument 
conſtrued ſo as to fix up with facility in any place. Though I 
have not conſidered this ſufficiently, I ſhall, nevertheleſs, loben 8 
a few remarks that may engage others to turn their thoughts 
more fully to the ſubject. 

It is not neceſſary, perhaps, that the eee 0 ſhould Z 
be perfectly in the meridian to a few ſeconds of time, provided 
| ſtars, nearly in the ſame parallel of declination with the moon, 
are obſerved: nay, I am inclined to think, that if the inſtru- 
ment deviates even a quarter or half of a degree, or more, 
ſufficient exactneſs can be obtained, as a table might be com- 


4 


* Some time previous to this communication, I had found, by the compariſon of 
my tranſit obſervations of « Aquilz and 8 Virginis, that the latter had moved 
forward with a proper motion of 0, 91 of time, or of 1365 of R. A. from 
1767 to 1783, in 16 years, or at the rate of 0“, 853 a year, on ſuppoſitiou 
that the proper motion of « Aquilz is 0” 57 a year forward, 


Vor. LXXAVI. 11 1 | puted, 


— | "_ . TR 1 Prssras at 2 N 
bed, Gigi the moon s parallix ies ſuch 4 


3 * 92 — ' , 
n s 7 . 


2 1782 ; Sagitarii was the only ſtar obſerved at Vork; it 
gives for difference of meridians, «. « : 3 55 


_ 4 — % - 3 8 4 
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tion which deviation may eaſily be found by the well known 


method of rr ſtars hals a difference or declination is 


conſiderable, - 


As raiebers: 1 Cldowm- 1 meet ids enden to tw 
ſtars near the pole, or find a proper object for determining the 
error of the line of collimation, I ſhall recommend the fol- 
lowing idea, which, I believe, has never yet been noticed, and 
bope it will anſwer the purpoſe. Having computed the apparent 
R. A. of four, ſix, or more ſtars, which have nearly the ſame 
parallel of dechnation, re half of them with the inſtru- 
ment inverted, and the other half when in its right poſition; if 
tze difference of R. A. 's between each ſet by obſervation agree 


with: the computation, there is no error; but if they diſagree, 
half that diſagreement is the error of the line of collimation. 
The ſame obſervations may alſo ſerve to determine whether the 


_ diſtance of the cotreſponding wires are equal. In caſe of 
neceſſity, each limb of the ſun might be obſerved in the ſame 
manner, though probably with leſs preciſion. By a ſingle trial 


I made above two years ago, the reſult was much more exact 


than I expected. Mayer's Catalogue of Stars will prove of 


ben uſe to thoſe that adopt the above method. 
In ſuch a number of obſervations, it is not ſurpriſing that a 


: fo ſhould be erroneous ; I have rejected only three. 


A meridian tranſit of the moon's limb, Auguſt 18, 


4 40 


Perhaps the ſtar has a proper motion, or a miſtake 


of one ſecond might have been made in marking 
the clock. 


An immerſion of Jupiter's ſirſt ſatellite, June 22, 


1783, which make the difference of meridians,  . 3 42 
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_ d Longitus of ork. _ a: 
FIT - The air was "ip 0 at Greenwich and = 

 Laftly, an occultation of a ſtar of the ninth magnitude, 52 tet 

inmerged behind the dark limb of the moon, _ 

the eclipſe of Sept 10, 1783, at 11 h. 29/ 6“ won - 

time. M. Massrzx alſo obſerved it at 11 h. 50% 49+ - 

et time at Paris: he determined its R. A. 

349 22 17%, and declination 5* 38“ 23“ ſouth. M. 

GooDRICKE, who computes very accurately, finds a g. 

gives for difference of meridians, IS 9l.ed Syn 4 ad 


24 
526 V- * 


4 am rather ſurpriſed, that the kante none of known. ſtars | 


„of the ſixth and ſeventh magnitude behind the dark limb of 

1 the moon are not conſtantly obſerved in fixed Obſervatories, as 

Tree 

* wh would Ry y be of great uſe, =_ 
ON, 

of 8 — of Vork. . 

_ The followin g determinations for the latitude of York were 

rial made with a Bird's 18-inch quadrant, the teleſcope of two feet 

_— locus, with Wen inſtrument obſervations of the fame tar 

e of 


fldom differ 10”, 4 
| Latitude of the Obleratory l a 


57 37 by 7 obſervations of Ardturos. - 
57 41 by 2 ditto of « Lyræ. 
$7 52 by 1 ditto of 5 Arietis. 
57 37 by 1 ditto of 8 Cygni. 
57 33 by 2 ditto of Algol. 
57 $57 by 4 ditto of y Lyrz. 
57 49 by 8 ditto of g Draconis. 
57 46 by 6 ditto of „ Draconis. * 
57 56 by 2 ditto of „ Draconis, 


57 45 Tlatitude on a mean. 
I 11 2 


The 15 of mssen was deduced from 8, 75 and Sify, 
© half of each {et obſerved with the face of the quadrant to the 
eaſt, arid half with 1 its face to the weſt. This, as well as the 
other methods, is very tedious, particularly when required to 
be often repeated, as is the caſe in travelling; I ſhall therefore 


; propoſe the followin 9 invention, the idea of which was im- 


proved on by Mr. SMEATON, and fatter myſelf it 5 * 
of the greateſt facility. 


The error of the line of collimation includes the gred errors 


of the inſtrument, and thoſe that are ſubje& to change, occa- 
fioned by the wires and glaſſes, &c. of the teleſcope moving, 


The error of theſe laſt may be found by making the teleſcopeſi 
turn on its center, ſo that the ſun, ſtars, or terreſtrial objec 


may be obſerved on the horizontal wire in two manners; firſt, 
when the wire is in its natural poſition, and then inverted, 


178 


which is performed by turning the teleſcope 180 degrees, or 


half round: thus, this part of the error can always be known 
with the greateſt eaſe; and'in order to find the fixed errors, it 


1s requiſite | for a |; fingle time to get t the whole error of the line of 


1 8 collimation by one of the common methods, from which the 
error of the teleſco pe being deducted, the fixed errors become 


known ; and as they are unchangeable, if any alteration ſhould 


take place, it proceeds from the teleſcope, and may eafily bell 
detected as ſhewn above. Perhaps, inſtead of the whole tele-iſ 
ſcope, it would be ſufficient only to make that part turn con · 


taining the eye-glaſs and wires. 


— 
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As the ew e — . at 33 may be 
| of uſe, I beg, Sir, you will annex them to my paper on the 


| longitude and latitude of that citYs which IP I had the 
pleature of ſending you. 


Dates. | App. time. | 


8 


1 # 
1781,Julyic] 9 41 59 Emerſon of Jupiter” s ſecond ſatellite ; night fine, 

errors 1792, Mayz 4/12 23 12 Immerſion of Jupiter's ſecond ſatellite; good. 
occa- Iuly 20]11 27 40: Emerfion of Jupiter's 2d fat. ; doubtful; air very hazy. 51 

þ Nov. 30[20 57 16 | Immerſion of « M behind the moon; inſtantaneous. f 
ing. o 55. 230% Mw ditto ; | and ao l 
ſcope ; Ay Eclipſe of the moon, „ 
de 1783, Mar. 18 27 50 1 the moon; air very clear. 
ö 18 18 27 33” S. - - Ditto; | 
Frſt o 9 36 | Moon begins to emerge; } ah 
| o 10 18 [Certainly emerged ; 1 
erted, June 26013 35 21 Immerſion of Jupiter's ſecond ſatellite ; good. 
es. or 13 34 82. Ditto; middling. | 
MYR 5 Eelipſe of the moon ; ; air clear, 
nNown Sept. 10 9 30 4 6 | Appearance of penumbra. | 
os. it 3. 17 30 Moon not emerged, but light ſtrong. 
7 12 19 35 Ditto; very ſtrong. 
line of 1:2 21 14 | Moon begins to emerge, but uncertuim - 
ch the 12 2144 Ditto; more certain. 
No 112 21 56˙ Ditto; ditto. 
ecomell F 12 22 24 | Moon certainly emerged. 
ould 12 24 24 n 5 

OU 13 21 00 End of the eclipſe, doubtful; air hazy. 
ily bel 3 21 $30 5} Wn 
TG 13 22 18* | Certainly ended, but not clear of penumbra. 
e tele · 3 22 45 lf Di, ditto; air clearer, 
n con- | 5 Several ſpots were ablerved.s but are here omitted, 


\ 


Sept. 1610 22 41 


for fear of being too voluminous. 


Emerſion of Jupiter's ſecond ſatellite; air clear; but 


Jupiter low. 


2 : 9 27 18 | Emerfion of Jupiter's 3d fat. ; ; Jupiter low; undulation. 
Oct. 132] 7 34 9g* | Emerſion of Jupiter's ſecond ſatellite. 
7 34 21 | Ditto; tolerably good. 
29 5 42 53 | Emerfion of Jupiter's third ſatellite, 
5 46 16 | Equal in brightneſs to the ſecond ſatellite; air clear. 


1184,July23j1o 7 46 


Immerſion of Jupiter's third ſatellite; tolerably good, 
0 though undulation. 


Dates. 
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re 8 80 12 2 * * behind the moon; inſtantaneous. 


O4. 110 0 49 30 f ln ſecond ſatellite ; good, though 


9 49 26*| Ditto, x 
9 33 59 Emerſion of Jupiter's fronted ſatellize, 
1 —_— | 

1 is $5, July 15112 26 50 [Immerſion of Jupiter's fhoond ſatellite ; ; air > clear. 72 
Aug. 18]11 44 37 [Immerſion of ſupiter's third ſatellite; good; the air a 
Sept. 17/12 16 55 [Immerſion of Jupiter's ſecond ſatellite; ; good; { lite va - 
Oct. 29] 6 33 26 Emerſion of Jupiter's third ſatellite; pouriſh, 

I examined Jupiter's fourth ſatellite furing 20', with- 
"Nov. 1 | 9 24 = if out being certain whether it had diminiſhed in 

JT light. 

Dec. I 5 50 48 Immerſion of 12 5 8 by the moon, exact within 3 


0 


Wh | 
FS Nov. x: 


I have again marked with an aſteriſk the obſervations made 
by Mr. Goobsickx, who deſired me to communicate them. 
This worthy young man exiſts no more; he is not only 

regretted by many friends, but will prove a loſs to aſtronomy, 
as the diſcoveries he ſo rapidly made ſufficiently evince: alſo 
his quickneſs in the ſtudy of mathematics was well known to 
5 ſeveral . eminent in that line. 074-4 


Declination of the needle. 


| 1780, Sept. 13. at 24. by a mean of 22 trials, 23 404 | 
1782, Dec. 26. at oz, by a mean of 16 trials, 23 St [mein welt, 


1783, Nov. 14. at 03, by a mean of 19 trials, 23 59 — 
1784, Jan. 17. at og, by a mean of 13 trials, 23 54+ 


Theſe obſervations were taken with all poſſible exactneſs; the 
' needle was four inches long, and made by DoLLoxp. 


bl 


Sir H. ENGLEFIELD, when at Scarborough, in Auguſt and 
September, 1781, was ſo kind as to obſerve, at noon, the 
height of his barometer and thermometer. I alſo made ſimilar 

obſervations 


| 0 U 7 23 > p * 1 4. = 2 g . 
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the Landen gout Lorrie if =" E 425" 


obſervations i in the Obſervatory at Vork; from which, by eight 
| compariſons,” none diſagreeing above 0,018 of an inch from 
the mean, I find, that the quickſilver at the ſea ſtood: 0,063; 
of an inch higher than at York. The barometers were made 
by RAMSDEN, and they agreed together to 0,005 part of an 
inch. We may later alſo expect to get the mean height of 
the barometer and thermometer, as there are ſeveral gentlemen. 
that obſerve them every day, particularly Mr. Wxviz and Dr. 
WHITE at York, and Mr. CHOMONLEY at Branſby. = 


I remain, Sir, with great regard, &c. 
ED. PIGOTT.. 


| May 26, 1786, [0 
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1532 and 1601 in the Year 1788. 
e. D. D. E & and Aftronomer Royal. 
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| e Read June 29, | I 786. : | 


5 HE comet of 1531, 160), and 1682, having returned 
1 in che year 1759, bn to Dr. HaLTEx's pre- 
in his Synop/is Afronomiæ Cometi ce, firſt publiſhed' in 


In the firſt edition of the Synopfis he ſu ppoſed the comets of 
1532 and 1661, from the ſimilarity of the elements of their 


orbits, to be one and the ſame ; but in the ſecond edition he has 


ſeemed to leſſen the weight of his firſt conjecture by not 


repeating it. Probably he thought it beſt to eſtabliſh this new 


point in aſtronomy, the doctrine of the revolution of comets 


in elliptic orbits, as all philoſophical matters in the beginning 


ſhould be, on the moſt certain grounds; and feared that the 


vague obſervations of the comet, made by AAN in 1532, 
might rather detract from, than add to, the evidence ariſing 


from more certain data. Aſtronomers, however, have gene- 
rally acquieſced i in his firſt conjecture of the comets of 1532 


and 1661 being one and the ſame, and to expect its return to 


its perihelium accordingly 1 in 1789. = 
The 


v. Advertiſement of the ede ian i the Comet » if 
: By the Rev. Nevil 


the Philoſophical Tranſactions i in 1705, and re-publiſhed with 

his Aſtronomical. Tables in 1749, there is no reaſon to doubt 

hat all the other comets will return after their proper periods, 
according to the remark of the ſame author. 


ane 


| greater than in the year 1607. The effect of the augmentation 


9 g Ry 6 n 3 a ” oy 4s 9 A . ht * 9 ants = at 
N 2 *. 1 3 1 1 - 4 td IL » 4 » 
* l eee I : POP IS . I 
— . 
* 4 5 * 8 4 
4 . 
* 8 


D Macencvonnt 5 os Jie, &c. 


T be interval between the paſſages of the comet by the peri- 
belium in 1532 and 1661 is 128 years, 89 days, 1 hour, 29 


minutes (32 of the years being biſſextile), which added to the 
time of the perihelium in 1661, together with 11 days to reduce 


it from the Julian to the Gregorian ſtilo, which we now uſe, 
brings out the expected time of the next to be * 


27th, 1 h. 10“ in the year 1789. 


The periodic times of the comet, which nt in 15 31, 


1607, and 1682, having been of 76 and 75 years alternately, Dr. 
HALIEx ſuppoſed, that the ſubſequent period would be of 76 


years, and that it would return in the year 17 583 but, upon con- 


fidering its near approach to Jupiter, in its deſcent towards the 
ſun in the ſummer of 1681, he found, that the action of Jupiter 
upon the comet was, for ſeveral months together, equal to ane- 


fiftieth part of the ſun upon it, tending to increaſe the inclination 
of the orbit to the plane of the ecliptic, and lengthen the periodic 


time. Accordingly, the inclination of the orbit was found by 


the obſervations made in the following year 1682 to be 22“ 


of the periodic time could not be ſeen, till the next return, 


which he ſuppoſed would be protracted by Jupiter's action to 


the latter end of the year 1758, or the beginning of 1759. 


M. CLAnAur, previous to its return, took the pains to cal - 
 culate the actions both of Jupiter and Saturn on it during the 


whole periods from 1607 to 1682, and from 1682 to 175 
and thence predicted i its return to its perihelium by the middle 


| of April; it came about the middle of March, only a month 


ſooner, which was a ſufficient approximation to the truth in ſo 
delicate a matter, and did honour to chi great mathematician, 
and his laborious calculations. 
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„ n in ert is & 5 — 8 poſition of i its orbit, 
able to be much diſturbed both by jupiter and Jaturn, par- 
mar! in its aſcent from the ſun after paſſing i its perthelium, 
if they ſhould happen to be near it, when it appoaches to or 
eroſſes their orbits; becauſe it is very near the plane of them at 
chat time. When it paſſed the orbit of Jupiter i in the be- 
ginning of February 1682, O. S. it was 50 in conſequentia of 
that planet; and when it paſſed the orbit of Saturn in the 
beginning of October 1663, it was 17* in conſequentia of it. 
Hence its motion would be accelerated while it was approach» iſ 
ing towards the orbit of either planet by its ſeparate action, 
and retarded when it had paſſed its orbit; but, as it would be 
ſubjected to the effect of retardation through a greater part of 
its orbit than to that of acceleration, the former would exceed 
the latter, and conſequently the periodic time would be 
ſhortened; but probably not much, on account of the confi» 
derable diſtance of the comet from the planets when it paſſed 
by them; and therefore we may ſtill expect it to return to its 
perihehium | in the beginning of the year 1789, or the latter 
end of the year 1788, and certainly ſome time before the 25th 
of April 1789. But of this we ſhall be better informed after 
the end of this year, from the anſwers to the prize queſtion 
. by the Royal Academy of Sciences at Paris, to com- 


thence to predict its return &. 


0 Since this was written, I received the unwelcome news, in a letter from 
M. Mzcuain, of the Royal Academy of Sciences at Patris, that the Academy 
has not received ſatisfactory anſwers concerning the diſturbances of the comet 
between 1532 and 1661, and 1661 and the approaching return, and that the | 


prize is referred to be adjudged of at Eaſter 1788, and that it * be 6000 
livres. N. M. 
, If 


pute the diſturbances of the comet of 1 532 and 1661, and I: 
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1 it ſhould come to its perihelium on' the it of January 
1589, it might probably be viſible, with a good achromatic 
teleſcope, in its deſcent to the ſun, the middle of September 
1788, and ſooner or later, according as its perihelium ſhould 
1 ſooner or later. It will approach us from the ſouthern parts 
of its orbit, and therefore will firſt appear with conſiderable 
fouth latitude and ſouth declination; ſo that perſons reſiding 
nearer the equator than we do, or in ſouth latitude, will have 
an opportunity of diſcovering it before us. It 1s to be wiſhed 
chat it may be firſt ſeen by ſome aſtronomer in ſuch a ſituation, 
and furniſhed with proper inſtruments for ſettling its place in the 
heavens, the earlieſt good obſervations being moſt valuable for 
&termining its elliptic orbit, and proving its identity with the 
comets of 1532 and 1661. The Cape of Good Hope wore 
be an excellent ſituation for this purpoſe. 
In order to affiſt aſtronomers in looking out for this comet, 
have here given its heliocentric and geocentric longitudes and 
latitudes and correſpondent diſtances from the ſun and earth, 
on ſuppoſition that it ſhall come to its perihelium on January t, 
1789. But if that ſhould happen ſooner or later, the he- 
locentric longitudes and latitudes and diſtances from the ſun 
will ſtand good if applied to days as much earlier or later, as 
the time of the perihelium may happen ſooner or later; and 
the geocentric longitudes and latitudes and diſtances from the 
earth muſt be re-computed accordingly. The calculations are 
made for a parabolic orbit from the elements determined by 
Dr. Halley from HEVRLIUs's obſervations in 1661, only 
allowing for the preceſſion of the equinoxes. The elements 
made uſe of were as follows: 
Time of perihelium January 1, 1789, at non. 


Perihelium diſtance 0, 44851. 
K k k 2 Place 


— of aſcending 5 25 24 78% 1 > 
_ .. » Inclination'of orbit to the ecliptic W_ 1 N in 0%; 
— +—Perihclium, forwarder ' in orbit * the eee node 
. | 3 * 287. | 
1 "i: motion is diredt. 


— 2 of the comet, on bade that it ſhall 
x return'to its 1 January Ly ""_ at noon, 
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The laſt obſervation made by Hzver1vs on the comet in 
1661 was when its diſtance from the earth was 0,986, and 
from the ſun 1,37, with what he calls a very long and good 
teleſcope ; at which time it appeared faint and ſmall“ with it, 
though 


hall 


oe of 
% 2 


| though ſtill ſufficiently viſible. Let us ſuppoſe this to have 
been a teleſcope of g- feet focal length, with an aperture of 2,65 


| ſcope ſufficient to render the comet equally viſible ſhould be as 


product of diſtances from the ſun and earth to the diameter: of 
"x the ome _ in inches. ——_— 
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inch; then, becauſe the diameter of the aperture of a tele- 


the product of its diſtances from the ſun and earth, and the 
product of the numbers above-mentioned 0,986 and 1,37 is1, 35» 


we ſhall have the following analogy to find the aperture of a 


efracting teleſcope ſufficient to ſhew the comet as it appeared 
to HEVELIus. As 1,35 : 1,65 inch :: 9: 11 inches, ſo is the 
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The utility of finding fluents by continuation was manifeſt 


to Sir Isa Ac NRw row, who firſt propoſed it; and ſince his 
time ſome of the moſt eminent mathematicians have employed 


much of their attention upon it. The method which 1 have 
inveſtigated and exemplified in this Paper I offer as being en- 
tirely new; and at the fame time it not only exhibits, at once, 
the general law up to the required fluent, but alſo appears, from 
ſome of the inſtances here given, to be more extenſive and con- 
venient in its application than any method hitherto offered. 
The 
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either by the index under or by half the index, has not, that 


1s, at firſt, ſeldom obvious; and how far that which is here 
: propoſed may be ſacceſsfully employed i in other caſes will beſt 
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1 know of, before been given ; which furniſhes us at once not 
only with a very eaſy method of continuing fluents, but alſo 
Points out a very fimple method of inveſtigating the fluent of 


the given fluxion 2without continuation. For if To Azp+6 ſi B 
eri. UB + [E+4:;[D + Se. /C= 


P, Dx. &c. &c. then if for / B, E, &c. &c. we 
ſubſtitute their reſpective values, we ſhall get a general ſeries 


for 2 A without continuation. The extent of any new method 


appear from its application. Different methods will always be 
Found to have their uſes in particular caſes; for where one be- 
.comes impracticable another will often be found to ſucceed; 


and 1 hope that which is here offered will contribute ſome- 


thing towards facilitating the inveſtigation: of fluents. 


n N 2 2 * 8 " hy N W 2 [TS * N 8 N AY” +. 2 * * 8 of © "1 — * 7 4 2 4 "ts He 2 TR 7 > 4 1 5 * oo e a N a N Q 
uy "os - "I WT IST as. ——_— * PTY 4 F ä 7 { . „ : 9 WI" 3 as 4 4 R „ 4 — SI Ks A y 1 * - 8 
7 5 * , yer „ 1 1 A FE "S=1? a FEY 3 5 ee TC y ve 2 y = « all LAT. — \ T4 * N * * * N ny ei 
* a j AY PI - I N CT PIR 7 1 i 7 Si * +... 5 "oa. * 82 il 2 5 80 F . wh 5 f 426 FC 2 
* SS * * J rl * 4 by N 7 9 57 ke 4 G - k5 1 a * 4 p ma 
* 1 4 9 i 7 TS = N ** " N * * * 1 * 2 a > - a - 4 = 7 * ** AC 4 4 * 4 2 2 i 
* E I » has * 4 = l 
ba yy \ * 2 + * * * 
| 41 3 4 o 


"of l {4 * 4 . 
* a U . o by : | - = >. * * "= * » if S iv >, 
. : 1 * 6 
” « a 9 * * . | "> V \ _ , 4 « 
> #7 4 , , * q- 4 | ; 
A - 
* | * * 1 


F * Fa N * 
. ' x k . "Xx . | A | | 
4 1 * „ 5 * * = 
q 0 5 N 5 „ * 0 | - * * 
* "2 - o g . ; \ A 
Pi * : ; 
| 0 * 1 | | . | | 
* 1 a L * 5 l , N 2% «6 1 N gn 8 od » -. ”= 14 : 
* hs . Y We 1 * Sf 2% e * v , . 007 f p” * cw 1 Ly , 
J Oo. 46 To | . 18.64. 4 > a6. et TR. 2 fs o SET 3 
* p * * % * 1 4+ UWP *. ur) 4 . W 48 * 6 — 4% . I Py PA Fr . 0 A * | a 
* *% & 1 5 5 « T * < q _ | 4 — " oY 4 
* 2 : a ; » 1 KA * 7 1 Fine M * Ls 4 L I” 1 
4 - oY * v Y | x : 
* 


WT 
| 1 4 — E a l o 
© 20 - — 9 = . * G . 
— 5 — | 4 * | i - —_— F. - 4 * L =. by 
7 . 3 TH 7 7 * PK 42 g . ; - . 755 * * > 
* F , + $ * 1 * 1 . S-; 
4 K 9 6 _ 3 a 1 4 4 *% — 1 7 * | F 3 
* 0 bl I 5 - 4% MR * * 1 F Þ 3 N * 
q "9 £ ®--.. . k . y | n * : 4 
+ . 
Ta 1 o 
\»# 9 A 


= #2 


XVI. " Coni ng. += =} to the P elrifuBiions bn in St. 151 
Peter 8 1 near Maeſtricht. By Petrus Camper, . 
A. D. F. J. S. | 


* July 6, 1786. 


ries HE e of a — number of petrified bones about - of 
hod the year 1770, in the mountain of St. Peter at Maeſ- | 
gere tricht, and particularly of large jaw - bones with their teeth, 


beſt || ſuggeſted to the late M. Horrman, firft Surgeon to the 
Military Hoſpital at Maeſtricht, a worthy member of ſeveral 
be- learned Societies, and a great admirer of natural hiſtory, the idea 
ed; that theſe maxillz belonged to crocodiles, This notion was ſpread 
by himſelf and his literary correſpondents through all Europe. 
He did me the favour to ſend me, not only the hiſtory of 
thoſe petri factions, but alſo ſeveral figures of the jaw-bones in 
i queſtion, and of other bones, which were all intirely new to me, 
except ſome fragments of the bones of turtles. I diſcovered, 
however, at the very firſt fight, the characteriſtical differences 
which diſtinguiſhed theſe bones from thoſe of crocodiles, of 
| which I had at that time ſeveral in my collection. 

His intention was to write upon this ſubject, and to ſend * — 
eſſay, containing his reaſons for ſuppoſing theſe bones to belong 
to crocodiles, to the Royal Society; but I diſſuaded him, as a 
friend, from doing this, leſt he ſhould afterwards be under a 
neceſſity of retracting his opinion: and I ſent him a figure of 
Vol. LXXVI. Mmm the 
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* n | I» ha cen re Ns fo - 
the lower jaw of a crocodile, accurately done 1 my own 
band, and ſoon after the ſkull and under jaw of a pretty large 
crocodile ; which induced him to defer his defi ign of writit 
— 5 about theſe antiquitzes of the old world, until be thould- be 
Hh better informed on the ſubject of cetaceous "Fiſhes: © 
Major Drovrs, of Maeſtricht, who made, l the "ii 
time, a culection of an infinite variety of corals, madrepores, 
; alcyoniumy, echinites, belemnites, ſhells, and petrified wood, 
from the ſame mountain and its. environs, hkewife procured a 
beautiful ſpecimen of two maxillary. bones of the ſame incog- 
nitum. but with the inſides turned outwards ; and this gentle- 
man alfo ſuppoſed them to belong to the crocodile. A ſketch 
of this ſpecimen is to be found in M. Buchoz's Dons de la 
Nature, tab. 68. But the ſpecimen itſelf is now in TzYLx's 
Maſtum, at Haerlem, with the whole of — Daouin's 
collection. 
Another ſtill more valuable and ** i 18 PEE ſeen 
at the houſe of tlie reverend Dean Gonpixqa, of which there 
18 likewiſe a rough fketch in M. Bucnoz's Dons de la Nature, 
pl. 66. In this the greater part of both the upper and under 
maxillary bones i is intire, and a bone, with ſmall teeth, be- 
. longing to the palate ; by which it appears, the animal had 
_ only teeth in the Jjaw-bones, but alſo in the throat, as 
| ſeveral fiſhes have, but which are never found in x the — of 
| crocodiles. 
Notwithſtanding al n wy a convince my * 
and afterwards M. — IN, and particularly the Dean, whoſe 
| | valuable and truly beautiful ſpecimens I ſaw in the year 1782, 
I never could prevail upon them to adopt my opinion, that 
theſe bones belonged to phyſeteres or reſpiring fiſhes. M. 
 HorrMANN, adhering wy” to the Linnzan Syſtem, ob- 
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bone, whereas this foſfll monſter had them in both upper and 
| Jower mpaxilla. He did not ſeem to recollect, that pve 
| fignifies ſomething reſpiring, or breathing, and applied to 
fiſhes, breathing - fiſhes; nor that the phyſeteres, according to 
the Linnæan ſyſtem, have ſmall teeth in the upper jaw- bone, 
though larger ones in the lower jaw, according to the obſer - 
vations of Dr. Orno Fakkierus, in his Fauna Groenlandica, 
p- 42. where he mentions the nnn and p. 45. 23 
he ſpeaks of the mieren. 

In Auguſt 1782, 1 ſent M. Gouvinis, who had FS: 
me with'a copy of his valuable ſpecimen, a full demonſtration 


of its-being the head of 'a phyſeter, or breathing fiſh, Del- 
phinus, or Orca; or under whatever genus it may be ranked, 


But in vai; for he continues ill to call it a crocodile, as if 
its value depended upon the ſpecies of the animal. 

The analogy of all the other marine bodies ſeems to mbke 
it Nill more probable, that theſe large bones belong to the 

inhabitants ef the ſea, and not of rivers. The large turtles, 
the numberleſs echinites, madrepores, ſhells, aleyoniums, be- 
lemnites, orthoceratites, and ſo on, ate all ſea animals; and 
| the crocodile would, in that caſe, be the only — of ths 
tivers mixed with them. 

The pretended crocodile found near Whitby, 3 in  Yorkdhire 
Phil. Tranſ. vel. L. p. II. 1758, $ 92. p . 688. and ibid. * 
—Þ 786. is undoubtedly the ſkeleton of a Balæna. 

1; $ 2. After the deceaſe of M. HoryMan, his family having 

„ that offered the whole collection for fale, I went in Auguſt 1582 ts 
Maeſtricht on purpoſe to examine it; and I could not but 
greatly admire the richneſs and beauty of the collection, eſpe- 
M m m 2 cally 
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. dr e phyſetkeds bad reeth only in the lower i.. 


as having large teeth of the ſame fize in both the maxille. . 


| as the heirs did not conſider the expences neceſſary to tranſport 
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cially 40 of the foſſil bones from St. Peter's mountain; 13 but 


the collection down the Maeſe, where each ſovereign puts an 
enormous duty upon every thing that paſſes through his terri- 
tories, nor the ſmall number of perſons who were likely to 
; purchaſe it, they 1 the gourd: ſo high that nobody choſe to 
bid n 
The eldeſt davghter 1 at kogeh. Verna poſſe of 
the: whole, offered me the principal ſpecimens at- a price I 
agreed to. Amongſt them were the duplieates I have already 
fſent to the Britiſh Muſeum, and with which the honourable 
Fruſtees are perfectly ſatisfied. Theſe ſpecimens may ſerve 
Kkewiſe to aſcertain what I have ſaid about them, as being 
Lal fragments of phyſeteres, ſome of turtles, and the hike, 
but not a fingle one of any ſpecies of erocodile.. 1 
98.3. The arguments for their being jaw bones and vertebræ 
£ of fiſhes ſeem to be, firſt, the ſmoothneſs of theſe bones $ 
and, ſecondly, the many holes by which the nerves go out at 
the ſide,” and under each tooth, as is very evident in that beau- 
tiful ſpecimen now in the Britiſh Muſeum, on the outſide of 
which eleven holes are viſible, i in the ſame manner as they are 
in the delphini, and more particularly in the lower jaw- bone 
of the cete, the Phyſeter macrocephalus, or 9m" cacha- 
lot, Kc. Thirdly, the form of the teeth, which have ſolid 
roots, as in tab. XV. fig. 6. B, C, E, F, and the ſix teeth of tab. 
XVI. Fourthly, becauſe there are little teeth in the palate, as 
in Dean Goppinc's ſpecimen. Fifthly, becauſe the eben 
have the appearance of true cetaceous vertebræ, as in fig. 5. 
tab. XV. and in ſeveral beautiful and large ſpecimens now in the 
Muſeum. Several of theſe, vertebræ were befides intirely un- 
IM fg known 


there is no other epiphyſis to be obſerved in the reſt of the 


* — —— "ef 
known to, me, and not at all analogous to the vertebre of the 
crocodile, deſcribed and repreſented by Dr. N. Grew. W 
8 4. As 1 intended to viſit London i in 1785, I flattered 
myſelf | ſhould ſtill find the. ſkeleton of the great crocodile | 
formerly at Greſham College, and be able to find out ſuch 
I characteriſtic diſtinctions as ſhould be neceſſary to decide the 
queſtion. Dr. Gray was ſo kind as. to, go with me to the 
lower apartments of the Britiſh Muſeum, where we found, 
though not without difficulty, the ſkeleton much negle&ed, 
ſpoiled, and deprived of ſeveral - intereſting. parts. I admired, 
' nevertheleſs, the remainder of it, being an pleaſed with 
the tranſverſe ſutures, tab. XV. fig. 1, 2. a, 6. c, f. N & by 
which not only thoſe of the neck and thorax, but thoſe of 
| the loins alſo, are divided, and which I made a drawing of, as 
large as the life, the : 20th of October, * YI of which 81 To 
and 2. are very accurate copies. 
4 confeſs I had not obſerved that $0577 Th di viſio on or ſuture | 
in the ſkeleton of a ſmall cracodile, of thirteen inches, made 
* my youngeſt ſon ; but after being apprized of it by the 
urge ſkeleton 1 in the Muſeum, of twelve feet four inches, 
Paris meaſure, on looking at my own when I returned 
home, I found them both alike, and that thoſe parts were not 


epiphyſes; ; of which, however, the tranſverſe proceſſes of the 


neck. big. I. d, e, 7. 0, u, p, have all the appearance, though 


bones of that large ſkeleton. 
When we compare the foſſil vertebra, fi g· * with thoſe 1 now 
in the Muſeum, we ſhall find the epiphyſes AB, CD, analo- 
gous to a, 6, c, d, fig. 4. being the real epiphyſes in the ver- 
tebra of a young porpoiſe. 


I 3 


1 YL, N bet m Eorfdoft, the Wen verrebres of che neck of 
| 28 1 turtle F Walt g, dd prepare ed two ef therm as in fg. 3. in 
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eke as alding the back ef 25 finffolat creature; I found the 

EranfVeife” eon , & 4 J. of ll Which 1 have not feen a 
onpt the dorſal ſpine from St. Peter's moun- 
wes Which tonfffls of Leben, another of twelve, and a 
keck of Karben! werter. Sone of the vertebrae” have, 1 
8 acklow edge, au infikior procefs, as in the crocodile, 7, m, 


"> fp. 1. of theſe 1 have fent likewiſe two to the Muſeum. 


deen a great many, excluſive of thoſe in ty collefion. The 


The oltrich, and the turtle Mydat, h have fach proceſſes, bot 
15 dusdrupsd 1 Kno. of. © 

Tue articulation of the vertebra with AY other, by the 

TY, ſurfaces of the bodies themſelves, is intirely different, not only 

tom chat of the eroebckle, but fror that of all the cetaceous 

fiſhes 1 have ever ſben: and 1 dare venture to aſſert, I have 


ünteriol pitt of the Maeftricht vertebræ is more or leſs trian- 
- gulat and Hollow, as in fig. 5. C, D, E The poſterior ABis 
| Whivex, Both theſe ſurfaces ate very ſrhooth, as if they had 
been covered with a very thin carrilige, and moved one upon 
8 the lier, without being united by a an elaſtic . as in all 


Both ths frfades a round beim, ot därevkir eüge, 4, B, i, Ty by 
meatis of which'the Tgarhents are connected; and à Hat hollow 
ſutface within, as 5, 7, f bor ule elaſtic pulp that Is between 
them. 

F 5. The dentitien is 1 fibgulat in theſe foffil jaw-ones 
that i it deſerves a particular deſcription. In all quadrupeds, as 
in man, the teeth which appear firſt are all ſhed at a certain 
period of life, and in the mean time new ones ate formed 
above, under, or at the fides of the Nin or temporary 
teeth, 


N. 4 


ig. 4 
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1 in different f be The Ka not 2 ro- 
newed, but in general three when there are fix, and two when _ 
there are five. Nature, however, is not always unifonm in this n 
operation. Mr. Jous HunTER,-a a worthy Member of our 
Society, has given a very intereſting aud .complete. 1 
iſtary of the teeth, in which theſe obſeruations are ſtated. 
In the crocodile the ſucecedi gor ſecondary teeth appear even 


9 the animal's head i 15 equal to two. feet: that is, when it | 
has acquired one-third of its uſual growth. When they grow 


fide of the bone, at the part where they meet with the leaſt 
reſiſtance. Inſtances of this vatiaty oceur in the large %] 
dile's head, which is in my collection. 


teeth, the firſt formed, making a cavity, in which the other 
bon y ſubſtance is depoſited, and formed by lamellz Placed 
one within another, as is obſerved by Mr. Joux HunTzs ip 
the work already mentioned, p. 92. To this the root is added, 
which is filled in the ſame manner il the ah! is > long enough : 
to pierce through the gums. | 
But in the foſſil 3 of St. Peter 8 mountain, A 
all ſecondary tooth is formed, with its enamel and ſolid root 
at once, within the bony ſubſtance of the primordial or tem- 
porary tooth itſelf, as is to be ſeen in the ſmall fragment now 
in the Britiſh Muſeum, and in tab. XVI. A,B, C, D, E; which, 
by continuing to grow, ſeem to make by degrees ſufficient ca- 
vities in the bony roots of the primary teeth: but what be- 
comes of them at laſt, and how they are ſhed, I am not able 
to gueſs. I have one in my colleQion, where the ſucceeding 
tooth is intirely formed within the center and ſubſtance of the 


primordial tooth. In the th figure (tab. XV. )a little oval cavity is 
mn. 
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too faſt, before the temporary tocth is ſhed, they perforate the 3 


In all quadrupeds the enamel i 18, of the ſolid parts of the ; x 1 


190 "© Chicoin' „vpn + relative. fo rhe 
obſervable, which. hows been the * of 'T new or Ty 


tooth. PAD” (29 A236 e 00047. 391548 / 


8 6. The maxilla inferior of the Aeneas, aut by me to 
ad Britiſh Muſeum, is a moſt magnificent ſpecimen, having 
fourteen teeth. A ſimilar one, ſomewhat longer (as it mea- 
| ſures 34 feet) 1 in my own collection, has alſo fourteen. Ano- 
ther fragment of the left fide, two feet long and eight inches 
broad, ſhews the primordial and — teeth in the cleareſt 
manner: 

The ſpecimen, of which ſent a drawing (tab, XVI) to the 
Woſtrious Preſident of our Society, Sir Joszyn Bans, is ſtill 


more uſful to confirm the mode of dentition than any other 1 
base in my muſeum. 


$ 7. Several ribs and the phalanges of the toes of the 1 
Feet, a ſpecimen of which I ſent in a fragment from the ſame 
rock, of about a foot long : and eight inches broad, may ſerve 


neglected, ſkeleton in the Britiſh Muſeum ; which I am ſorry 


I could not make a drawing of, ang been too much em- | 


ployed on other objects. 


. Society of the truth of what I have afferted, about the 


animal theſe bones belonged to; ; for though we cannot deter- 


mine exactly the ſpecies itſelf, yet I flatter myſelf the preceding 
obſervations evidently prove, that they did not belong to any 
animal of the crocodile kind. 


$ 8. Another very beautiful 8 a foot and a balf 


long, and about ten inches broad, I have been induced to add, 
becauſe it contains the anterior part of the ſcutum of a very 
large turtle. Of * Mr. Jonx HuNnTER has an analogous 

bone 


| as another proof of the difference between theſe and the cro- 
| codile's toes, when compared with the till valuable, though 


All theſe charaQeriſtic differences cannot fail to convince > thin 


bone from the ſame mountain in his valuable collection, but 


large fragment of another turtle, in my poſſeſſion. 2dly, Be- 


mentioned fragment, in Mr. J. HUN TRR“s Collection, be- 


Bruſſels, Gottingen, Caſſel, Brunſwic, Hanover, or Berlin, 
nor in my own country, any foſſil bone belonging to a bird. 
I know there is a ſmall one deſcribed in the Abbe Rozren's 


Montmartre a ſmall leg of a petrified vird; but theſe are the 


3 


* — found i in : St, Peter 8 A 5 451 | 


ſent to him under another name. I am convinced it belonged 
formerly to a turtle; firſt, becauſe I have from the fame 


mountain the intire back of a turtle, four feet long and fix- 


teen inches broad, a little damaged at the ſides, and a pretty 


cauſe I have a ſimilar one, but ſo placed within the matrix as 
to ſhew the inſide, which is perfectly analogous to the inſide 


of that piece in the back of a large turtle I got in London, by 
the favour of Mr. SnELDox. 3dly, Becauſe I have amongſt theſe 
bones the lower jaw- bone of a very large turtle, of which 
the crura, though not intire, are ſeven inches long, and F 


diſtant from one another fix inches ; the thickneſs i is equal to 
11 inch. 


All theſe fragments prove the frequeney of turtle bones 
amongſt the other foſſil bones found in the mountain neat 


Maeſtricht. 


Dr. MicyaELts wrote to me ſome time ago, that the above 


longed to a bird; which I could hardly believe, as I never had 
ſeen in any collection whatſoever, either in London, Paris, 


Journal de Phyſique, for March 1782, which is at preſent in 
the collection of M. p'ARcer, at Paris. I expect alſo from 


only ones I have ever heard of, thoſe of Stonefield, near Wood- 
ſtock, being moſt undoubtedly of fiſhes. I think it 1s a cir- 


cumſtance worthy the attention of the curious, that no human 
Vol. LXXVI. Nun bones, 
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bones, and of birds but yery few, have been hitherto found 3 in 


: a — ſtate, and belonging to * old world. r 
'PETRUS CAMPER. 

Klein Lankum, near Franeker, 
June 18, 2786. F 


- EXPLANATION OF THE PLATES. 


Fi ig · NN * . at from the ſkeleton of the cro- 

5 acdc deſcribed by Dr. Ner. Gx RW, in his Catalogue of the 
Natural Rarities at Greſham College, p. 42. and p. ä 
4, 5. c, . J, 7. the bodies of the vertebræ; a, 6 of the 

fourth; c, F of the firſt vertebra of the neck; P, 2, f. and 

x, y, w. the ſpinous proceſſes; y 3. and 5. the an: ; 

t, and u v. the deſcending proceſſes; g, h, c, i. d, e, u, p, o, 9 

the tranſverſe, united by cartilages to the bodies of 3 

bræ. Gnkw calls them ofa mucronata. The tranverſe pro- 
ceſſes of the fourth vertebra being loſt, the roots of the mucro- 

nated proceſſes are very evident at g b, i x. 

On the under part of theſe vertebra are (I and m): proceſſes, 
ſimilar to thoſe we find in the vertebræ of the neck in turtles 
and birds. Not only the ſix poſterior but the five anterior ver- 
tebræ of the back are provided with ſuch proceſſes; of theſe, 
however, Dr. Grew makes no mention. 


PetrifaBion found in in St. Peter 8 Mevntace. 453 
Fi Ig. 2. Repreſents the ſeventh vertebra of the back ; A» 


and C. are the aſcending and deſcending proceſſes, forming 


the articulations with the adjacent vertebræ; B. the tranſ- 
verſe proceſs, to which is united the rib FB. in B.; 
DE. the ſpinous proceſs; H, H, I. the body of the ſame ver- 
tebra. 

Theſe figures are as 1 as the life, and made from the 
fame ſkeleton, now in the Britiſh Muſeum. The whole length 


is equal to 124 feet, Paris meaſure; the head equal to 2 feet; 


the neck equal to 1 foot; the trunk equal to 3 feet 8 inches; the 
tail equal to 5 feet 8 inches. The meaſurement given by Dr. 


GRE does not agree with mine; but he ſeems not to have 
taken it with great attention (p. 42.), for he makes uſe of the 
words about, almoſt, &c. 


 OnBsErRvaTION. What ſtruck me was, the tranſverſe ſuture, 


a,db.c, F. J, C. which divided the bodies of all the vertebræ of 

the neck, back, and loins. This diviſion ended with the os 
ſacrum, which was intire, as were alſo the vertebræ of the tail. 

Dr. Grew ſeems only to haven taken notice of the ſutures be- 
longing to the tranſverſe proceſſes. 


I have a ſmall ſkeleton of a crocodile equal to 13 inches, 1 in 


which the 7 vertebræ of the neck, 12 of the back, and the 
5 of the loins, are divided in the ſame manner as in the large 


ſkeleton in the Britiſh Muſeum. Thoſe of the os ſacrum 


and tail are without, and have no mark of an epiphyſis. 7 


ConcLusion. The tranſverſe diviſion of the vertebræ above- 


mentioned is alſo peculiar to this animal; and there is no 


epiphyſis, as in other animals. 
To be ſure of this, I diſſected and made a 8 of the 


Lacerta Iguana, LIN N. ſp. 26. perfectly well deſcribed by 
Nun 2 Manc- 
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Maxcoxar 2 Braf: p. 236. cap. 71. ; bout 1 — no. 


ſuch divifions, though the animal was young, and though je 
_ had fill epiphyſes on the legs. &c. The neck confiſts of 4 verte- 


bræ, the back of 11, the loins of 9, the os ſacrum of 2, as 


in the crocodile ; the tail of more than 60. 

The diſſection of tortoiſes ſeemed to me of conſequence, at 
leaſt a more accurate inſpection of the vertebræ, particularly 
thoſe of the neck, as being analogous 1 in fome refſpects to 
thoſe of the crocodile, eſpecially in the ſtructure of the infe- 
_ ior proceſſes D, and E, with J, m, fig. 1. 


Fig. 3. Repreſents two vertebræ of the neck of 2 pretty 
large turtle, natural ſize. 


AB, BC. the bodies; * and I. the dtc th and F. 


the deſcending proceſſes: R. K. the ſpinous, a, A. d, e. the 


wee, and D. E. the inferior proceſſes. 


a, bac. a, 


i S 


M Fig. "Y A vertebra from the tail. of a young phocæna or 
porpoiſe ; in which a, 6. is an orbicular plate, united by means 
of cartilage to the body of the vertebra. 4, d. which is er 
with ſuch a one on both ſides, a, b. and c, d. 


Thoſe bony lamellæ are the epiphyſes of the vertebræ, and 


are alike in all quadrupeds, to which claſs all the cetaceous 


of theſe laſt, we find the hind legs only are wanting, and of 
courſe the oſſa innominata ; but the offa pubis are very re- 
markable in all of them. 


Fig. 5. Is a; foſſil vertebra of the unknown animal, whoſe 
bones are ſo often met. with in SE Peter's Mountain. at Maeſ- | 


7 tricht, 


e, Fa the tranſverſe diviſion of theſe, Gomilar 1 to 


fiſhes belong. When. we conſider the ſtructure in general. 


r © &© _ 


— 


. 2 vert — a a» 7 
webt. K, B, ©, B. is the b6dy; Er k K, E, F. e MU 


t proceſſes; C, K, I. the medullary canal, runnieg under 
k K, E, F, in a direction parallel to IF, and coming out again 
s at F. The remaining marks of the lkimellated epiphyſes 1, D. 

and A. B. are evident proofs of the analogy between theſe and 
t the vertebræ of the cetaceous fiſhes ; and alſo. of their want of 
y reſemblance to the vertebræ of the crocodile, as will appear by 
0 comparing the firſt and ſecond figures with the fifth. 


Fig. 6. Is a very accurate drawing of one 6f the ID 
teeth belonging to the ſame incognitum. AB C. is its pöitit, 
y Jof a lanceolated figure, whoſe edges BA, and AC, are 
dentated; BC. is the root, uneven, bony, fixed within the 
> | fockett with D, G, F.; 3 D, G, B, C. is covered with the gums; 


1. H, I. is an oval finuoſity, in which generally the ſecondary 
teeth. are generated, as is ſeen in tab. XVI. repreſenting, 
to | a fragment of the upper Jaw-bone of the ſame * 


„ 
he teeth in all the Phyſeteres and Delphini hw ſolid roots, 


except in the young ones; in Which they often have cavities to 
receive the blood veſſels and nerves. Bot the crocodile has: the 


teeth intirely bolow, as app rs 


Fig. 2. in which the cavity. n, * 0, ſhews the difference 
between the crocodile's teeth and thoſe of the cetaceous and 
| other fiſhes. This tooth is the anterior one of a large head of 
a crocodile, two feet long, and of the ſame ſize as that in the 
Britiſh Muſeum. A hollow tooth may notwithſtanding be- 
long to a Phyſeter, as Dr. Orno Fa BRICIUs obſerves: in his 


Fauna Groenlandica, p. 44. when ſpeaking of the Phyſeter 
microps: of which he ſays, Habet in maxilla inferiori dentes 
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= ſuperioris, lateris dextri capitis P. 
ex Monte St. Petri, Traj. ad Moſam. Origo 
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in quinque manifeſta eſt. Quæ ad dentitionem hanc fingularem 
tinent, ex figur. 2. Tab. F ragm. ſirgilis ſed Maxill. inf. 12 
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XXVII. — 70 One 7. een new | Nebule *  Clyfers f 
Stars. By William Herne, IM D. F. R. S. | 


ww * '* * 


Read April 27, 1786. 


HE following Catalogue, which contains one thouſand! 
new Nebulz and Cluſters of ſtars, is extracted from a 


ſeries of obſervations (or Sweeps of the heavens), which was. 
begun in the year 1783, and which I am ſtill continuing till 


the whole be completed. As I may, perhaps, find an oppor- 
tunity hereafter to publiſh theſe obſervations at full length, I 


ſhall now only mention ſuch circumſtances, relating to the 


_ inſtrument and apparatus with which they were made, as will 
be neceflary to ſhew what degree of accuracy may be expected 
in the determination of the places of theſe Nebulæ and Cluſters 


of ſtars; and alſo to ſerve any aſtronomer, who withes to 


review them, to form a Judgment what inſtrument will ſuffice 
for this purpoſe. LY 
Tee teleſcope I have uſed, as-has been obſerved on a former 
occaſion *, is a Newtonian reflector of 20- feet focal length, 
and 18.7 inches aperture. The ſweeping power has been 1 57. 
except deren another is expreſsly mentioned. The field of. 
view 15' 4”. 


My eye-glaſs 1 is mounted on that fide of an octagon tube, 


which, in the horizontal poſition of the inſtrument, makes an 


angle of 45 with the vertical; having found, by experience, 


that this poſition, reſembling the ſituation of a reading deſk, is 


* Philoſophical Tranſactions, vol. LXXIV. p. 437. 
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Will, in general, give the relative place of an object by a fingle 
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1 De Bense“ — bee | 
. to the e one commonly uſed in the 


; Newtovian conſtruction. 


In the prefent improved Nate of the apparatus. this bow 


obſervation true to within 14 or 2 minutes of polar diſtance, 


and 4 or 6 ſeconds of time in right aſcenſion. But when there 


15 an opportunity of repeating the obſervation, it will hardly 


differ a oye minute in the former, and ſeldom fo much as 
3 or 4” in the latter. My apparatus, however, has not been 
equally perfect from the beginning; for, being from time to 


time adapted ts the different views I had in ſweeping, it could 
| only arrive to its preſent degree of perfection by many * 
riments and gradual improvements. 


' Is begin a ſhort hiſtory of this 20· feet teleſcope. In the 


ann of Octeber of the already mentioned year I began to 


uſe it, being then mounted on its preſent and, but with a 
lateral motion under the point of ſupport of the great ſ peculum, 


N by which its direction could be changed about 15 degrees. It had 


alſo a kind of moveable gallery in front, about n ine feet lon g. 


which permitted me to follow a celeſtial object near 1 5 degrees 
more; by which means I obtained a range of 30 degrees with- 
out moving the ſtand. The Newtonian form has the capital 
advantage of rendering obſervations equally commodious in all 
altitudes; J had therefore placed the inſtrument in the meri- 


dian, that | might view the ſtars in their moſt favourable 
ſituation. 


When 1 had ſcen moſt of the objects I withed to examine, 


1 proceeded to the work of a general review of the heavens. 
The firſt method that occurred was, to ſuffer the teleſcope to 
hang freely in the center; then, walking backwards and for- 
wards on the moveable gallery, I drew the inſtrument from 
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oſcillation I. made a ſhort memorandum of the objects I chanced 


to ſee ; 3, and when a new nebula or cluſter of ſtars came in my 


way, I made a delineation of the ſtars in the field of view, 


both of the finder and of the teleſcope, that it might ſerve me to 
find them again. This being done, the inſtrument was, by means 
of a fine motion under my hands, either lowered or raiſed 
about 8 or 16 minutes, and another oſcillation was then per- 


formed like the firſt, Thus I continued generally for about 


10, 20, or 3o oſcillations, according as circhmſtances would 
permit; and the whiole of it was then called a Sweep. and as 


ſuch numbered and regiſtered in my journal. 


When I had completed 41 Sweeps, the diſadvantages of this 


method were too evident to proceed any longer. By going 


into the light ſo often as was neceſſary to write down my obſer- 


vations, the eye could never return ſoon enough to that full 
dilatation of the iris which is abſolutely required for delicate 


obſervations. The difficulty alſo of keeping a proper memo- 
randum of the parts of the heavens which had been examined 


in ſo irregular a manner, intermixed with many ſhort and long 


ſtops while I was writing, as well as the fatigue attending the 
motion, upon a not very convenient gallery, with a teleſcope 
in my hands of no little weight, eſpecially at the extremes of 


the oſcillations, where it made a conſiderable arch upwards, 
were ſufficient motives to induce me to look out for another 
method of ſweeping. And it is evident, that the places of 
nebulæ hitherto determined, which was till the 13th of De- 
cember, 1783, muſt be liable to great inaccuracy. I therefore 

Voz. LXXVI. "I began 


2" ow) BA „Wade cher Show. < MH I 
a ee * a bandle faſtened to a place near the mak —_ 
ſo as to make it follow me, and perform a kind of very flow 5 
oſcillations of 12 or 14 degrees in breadth, each taking up 
generally from 4 to 5 minutes of time. At the end of each 
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— to Weep with a vertical motion; and as this i- 
ercaſed the labour of continually elevating and depreſſing the 


them, whenever they diſagreed with the — before me 
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teleſcope by hand, Fealled in the affiſtance of a workman to do 


that part of the buſineſs, by which means I could obſerve very 
"0 commodiovfly, and for a much longer time than before. - 


Soon after I removed alſo the only then remaining obſtacle 
to ſeeing well, by having recourſe to an affiſtant, whoſe care it 
was to write down, and at the ſame time loudly to repeat after 
me, every thing 1 required to be written down. In this man- 


ner all the deſcriptions of nebulæ and other obſervations were 
tecorded; by which I obtained the fingular advantage that the 


deſcriptions were actually writing and repeating to me while I 
had the object before my eye, and could at pleaſure correct 


without looking from it. 
In about half a dozen ſweeps, done according to this new 
way, I found that the ſtars of FL AMS ER D's Catalogue en- 


tered nearly at the time when they were expected; this ſug- 
geſted the poſſibility of converting my a e into a tranſit 


inſtrument. By way of trial, Dec. 18, 1783, I began to uſe 
a watch, and noted the times of the tranſits of ſtars and ne- 


a ſidereal time-piece was introduced. 
1 found alſo that, by the turns of the handle which gave 


motion to the teleſcope, it was practicable, in a coarſe way, to- 


aſcertain the difference of altitude between · any two objects 


that paſſed the field of view; on which account, Dec. 30, 


I began to uſe an index-board; divided into inches, and: marked 


with numbers, which, being placed behind: the rope that 


moved the teleſcope, would point out at what altitude a certain. 
index, affixed to the rope, was ſituated, My tackle of ropes and. 
— pullies 
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the index-board : but the exact meaſure was always to be de- 
termined experimentally, as it varied according to the ſitua» 
tion of the inſtrument. I perceived immediately that the 
quantity of rope uſed in the motion of the teleſcope would 


be much better obſerved by the aſſiſtant, if the index were 
brought within doors near the writing deſk : to effect this, 1 


uſed a ſmall cord, which, being led off from the great one, 


was carried over a pulley into the obſervatory, fo as to paſs 
over a ſet of numbers, which I now divided into ſuch parts 
as, in an equatorial ſituation of the inſtrument, would give 


nearly each equal to one minute. 


It would exceed the limits of this Paper to enumerate the 
various trials 1 made to bring the right aſcenſion to greater per- 
feftion ; ſuch as cauſing the tube ſometimes to hang inclining 


or rubbing againſt a perpendicular plane; at others, drawing 
it againſt the ſame by a ſmall weight, faſtened to a cord, 


changes in the form of the machine ſhewing the polar diſtance, 


which, for convenience ſake, was ſoon — to an index 


moving over a dial, in the manner of a clock. 
| By way of directing the perſon who gives motion to the 


teleſcope, a ſmall machinery was added, which ſtrikes a bell 
at each extreme of the breadth of the ſweep, and is adjuſtable 


to any required number of turns of the handle. 


* — 


m6 fac Ping while the — ee an arch * 
two degrees, the mark on the rope paſſed over about 24 inches of 


paſſing over a ſide pulley, &c. I ſhall alſo paſs over the ſeveral 


In June, 1784, 1 introduced a ſmall quadrant of altitude, 


- the uſe of which became ſoon after of the greateſt conſequence 
in determining the value of the numbers of the polar diſtance 
piece, Hitherto I had ſettled this value by cauſing a ſtar to 


paſs vertically through the field of the finder, which was very 
0002 5 accurately 
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accurately limited to two degrees; ; but now I found, "— 

der 
and by the finder, that I had generally under - rated the value of 


the numbers. Fortunately ſo many ſtars of FLAMSTEED's Cata- 
logue had been taken, that the numbers between their different 


polar diſtances were ſufficient to recover the value of the degree; 


but this occaſioned a laborious re· caleulation of the places of 
all objects taken in near 300 ſweeps. The quadrant being once 


introduced, I carried the refinements of the determination, in 
high ſweeps where the ropes ated very unequally, fo far as to 
aſcertain by it ſeparately the value of every 20 or 30 minutes 


throughout the whole breadth of a ſweep of two Apen and 
the numbers were then accordingly caſt up * ſo many different 


tables calculated on purpoſe. - 


Being ſtill diſappointed in many inſtances, when, on a re- 
view of a nebula whoſe place I had before determined, I per- 
ceived a difference of 4 or 5 minutes in polar diſtance, I began 


at laſt intirely to new model the machinery of the polar diſtance 


numbers whoſe value differed in every ſituation of the teleſcope, 


piece, and on Sept. 24, 1785, completed one with the follow- 
ng capital improvements. My former piece ſhewed a ſet of 


and therefore required different and very extenſive tables to caſt 
them up in degrees and minutes. This ſhews at once both 
the degree and minute of the polar diſtance of. every celeſtial 
object, without requiring any tables to caſt up numbers. In 
the next place, the conſiderable inaccuracy ariſing from the 
unequal tenfion of the great ropes, and their expanſion or con- 
traction by moiſture or dryneſs, is intirely taken away; for 
now my index cord is contrived ſo as to go off from the front 


of the teleſcope itſelf, in the direction of a tangent to the arch 


it deſcribes when moving; by which means this cord will even 
ſerve 


ferve as an hygrometer to ſhew the variations of the ropes that 


which has happened ſometimes, notwithſtanding they have all 
been well ſaturated with oil, the index cord will immediately 


make the polar- diſtance- clock ſhew this effect of the rain, by 
. pointing out an equal change on the dial. As to the varia- 7 
tions of the cord itſelf, they are in the firſt place very trifling, 


fince it conſiſts merely of a few threads of hemp, very looſely 
twiſted, well oiled, and always equally ſtretched ; but eſpe- 
cially theſe variations are of no conſequence, as they are ſo 


eaſily to be diſcovered by the check of the quadrant of altitude 
affixed to the teleſcope, or the ſucceſſive tranſits of known 
ſtars, and may either be immediately corrected by the adjuſta- 
ble hand of the polar diſtance dial, or be left to be accounted 
ſor afterwards. 5 
The improvement of the "A aſcenſion has not been 
leſs. atterided to; and the Royal Society having kindly in- 
truſted me with an excellent time-piece, I ſucceeded at laſt by 
means of the addition of the following apparatus. Againſt the 
fide of the tube is fixed a vertical iron plate, and the point of 
ſuſpenſion of the teleſcope is diſpoſed ſo as to permit this 
plate to be juſt in conta& with a roller which remains fixed 
during the time of a ſweep. There is alſo a conſiderable ſpring 


applied on the oppoſite ſide, in ſuch a manher as, by always 
exerting a preſſure nearly uniform, to cauſe the iron plate to 


rub againſt the fixed roller as the teleſcope ſweeps up and 
down. By this means I have frequently, in very ſtormy wea- 
ther, obſerved many hours without finding my time materially 


affected, and the corrections will ſeldom, in accurate obſer- 
vations, exceed a few ſeconds. 


2 To 
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_ ſuſpend the teleſcope. If a ſhower of rain, for inſtance, ſhould 
ſhorten them ſo as to elevate the teleſcope 2, 4, or 6 minutes, 
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fo thoſe who: are accuſtomed to the accuracy of tranſit 
pftruinents in regular obſervatories, this teleſcope, notwith- 
ſtanding: the above-mentioned improvements, may perhaps 
appear far from being brought to perfection; but they ſhould = 
recolle& the fize of the inſtrument. as well as its extenſive uſe, 
fince I can not only follow any obje& for near a quarter of an 
hour, without diſturbing the ſituation of the apparatus, but 
can at pleaſure, in a few minutes, turn it to any part of the 
heavens, and yiew a celeſtial object whereſoever it may chance 
to be fituated, even the zenith not excepted. 
From this account it will be underſtood, that the places of 
a few of the nebulæ and cluſters of ſtars, determined before 


the 1 zth of December, ws $3, may be faulty in right aſcenſion 


as far as 1 of time, and in polar diſtance to 8 or 10“ of ſpace. 
Afterwards the errors will be found to become gradually leſs 
conſiderable till the latter end of the year 1784, when, I 
ſuppoſe; they will ſeldom exceed half that quantity. From 
| that period to Sept. 24, 1785, they will diminiſh, and pro- 
bably not often amount to ſo much as 3 or 4” in polar diſtance, 
and 10 or 12“ in right aſcenſioi. And now I flatter myſelf 
that all places, determined. ſince the laſt mentioned time, _ 
generally be true to a very ſmall quantity; ſuch as 4 or 6“ in 
right aſcenſion, and 14 of 2 in polar diſtance, and often cavch 
nearer. 
Some of the nebulæ in that part of the — which, in 
a former Paper, I have called the ſtratum of Coma Berenices, 
are indeed ſo crowded that there was no poſſibility of taking 


them all in the center of the field of view, and a ſomewhat 
leſs degree of accuracy may therefore be expected; but having 
uſed myſelf by very frequent eſtimations of the parts of the 
field of view to judge of their value in time as well as in ſpace, 

I corrected 


— or minus in right aſcenſion and polar diſtance as I judged 
would bring them to a central obſervation. A ſimilar method, 
well known to good aſtronomers in eſtimating their tenths of 


tew nights, 
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I corrected this defect at the moment of obſervation by affixing 


to the tranſits of theſe excentric nebulæ ſuch proper marks of 


ſeconds by the proportional ſpace over which the ſtars move in 
their merichan paſſage, makes it unneceſſary to expatiate on the 
degree of ACCUracy that long — enables us herein to 


obtain. 


If, however, 1 had been willing to delay giving this cata- 
logue till, by a repeated review of the heavens, the places had 


been more accurately determined, the work would undoubtedly- 
have been more perfect; but whoever conſiders that it requires. 


years to go through ſuch obſervations will perhaps think with 


me, that it is the beſt way to give them in their preſent ſtate, if it 
were but to announce the exiſtence of ſuch objects by way of 


inducing other aſtronomers alſo to-look out for them. Another 


motive for not delaying this communication is to ſhew that my 
late endeavours to delineate the conſtruction of the heavens have 
been guided by a careful inſpection of them; and, probably, 
a catalogue which points out no leſs than one thouſand in- 
ſtances of ſuch ſyſtems as thoſe are into which I have ſhewn 
the heavens to be divided, will conſiderably ſupport what * 
been faid on this ſubject in my two laſt Papers. 


When the diurnal motion of the earth was firſt maintained; 
it could not but greatly add to the reception of this opinion. 
when the teleſcope expoſed to our view Jupiter,. Mars, and- 
Venus, revolving on their axes*; and if theſe inſtances of. 


To theſe may now alſo be added Saturn, on whoſe body I have, in the year 
1780, ſeen ſeveral belts, with {pots that changed their ſituation in the courſe of . 


the 


tered and leſs collected large ſtars, are put into the laſt. 


v p . = 
be 2 »# 1 7 . 7 * 
2 * JF * 9 2 > WI") 
73 4 ˙ * 


46 . Bauschat 8 rde One 7 — 


the ſimilar condition of other planets ſupport the dodrine of 
the diurnal motion, the view of ſo many ſidereal ſyſtems, ſome 
of which we may diſcern to be of a moſt ſurpriſing extent and 


grandeur, will in like manner add credit to what I have pro- 


poaſed with regard to the condition of our ſituation within a 


ſyſtem of ſtars : for, to the inhabitants of the nebulæ of the pre- 


ſent catalogue, our ſidereal ſyſtem muſt appear either as a ſmall 


nebulous patch; an extended ſtreak of milky light; a large 
reſolvable nebula; a very compreſſed cluſter of minute ſtars 


hardly diſcernible; or as an immenſe collection of large ſcattered 

ſtars of various ſizes. And either of theſs appearances will 
take place with them according as their own ſituation is more 
or leſs remote from ours. 


In the diſtribution of the 8 al lockert of . into 
claſſes, I have partly conſidered the convenience of other ob- 


ſervers: thus, in the firſt claſs, the degree of brightneſs of the 


nebulæ has been the leading feature, as moſt likely to point 


out thoſe which their ſeveral, inſtruments. may give them ex - 


pectation to reach. The firſt claſs, therefore, contains the 


brighteſt of them; the ſecond, thoſe that ſhine but with a feeble 


light ; and in the third are placed all the very faint ones. Be- 
fides this general diviſion, I have added a fourth and a fifth 
claſs, which contain nebulz that, on different accounts, ſeemed 
to deſerve a more particular deſcription than I had allotted to 
the three former diviſions. 

The cluſters of ſtars are ſorted by their apparent * ion, 


in the manner of my former Catalogues of double, treble, and 


multiple ſtars; ſo that the cloſeſt and richeſt cluſters take up 
the firſt claſs; the brighteſt, largeſt, and pretty much com- 
preſſed ones, the ſecond; and thoſe, which conſiſt only of ſcat- 


in 
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of In every claſs the order of time when the nebulæ and 
ne [ dloſters of ſtars were diſcovered, or firſt obſerved with my 20- 
nd feet teleſcope, has been followed ; and that I might deſcribe all 
ro- theſe objects in as ſmall a compaſs as could well be done, I 
a have uſed ſingle letters to expreſs whole words, an explanation 


of which, with an example of the manner of reading thoſe 
letters, is given. It ſhould be obſervcd, that all eſtimations of 
brightneſs and ſize muſt be referred to the inſtrument with 
which the nebulæ and cluſters of ſtars were ſeen ; the clear- 
neſs and tranſparency. of the atmoſphere, the degree of atten- 
tion, and many more particular circumſtances, ſhould alſo be 
taken into conſideration ; ſo that probably ſome of the nebulæ 
which I have called very bright, and very large, may only be 
juſt perceivable, as very ſmall faint patches, in many of our 
beſt common teleſcopes. 
The Identity of each nebula in | this catalogue has been well 
aſcertained by a projection on a proper map, made on purpoſe, 
which pointed out all other nebulz near its place, and thus 
afforded the means of a rigorous examination. When, there- 
fore, ſeveral nebulz are found within the limits of the accu- 
racy with which my teleſcope can diſcriminate them, in dif- 
ferent nights, it may be concluded, that they were ſeen either 
at once in the ſame field of view, or otherwiſe 1 in immediate 
| ſucceſſion during the ſame ſweep. 
In the ſame manner theſe nebulz have been compared with 


ON, thoſe that are contained in the 'two volumes of the Conno iſance 
and des Temps, for the years 1783 and 1784, of which none have 
up been inſerted in this catalogue. It was indeed eaſy enough to 
2M- diſtinguiſh the nebulæ of that excellent collection from thoſe 
cat- of mine which in ſeveral places are very near them: The 


quantity of good light in my teleſcope having enabled me, 
In Vol. LXXVI. P p p even 
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even in \ bright moon-light nights, to ſec occafionally fome of 
the moſt feeble of the. former, when the latter could not by 


any means be perceived. 


obſerved. 
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Perhaps it will not be diſpleaſing to thoſe who may look out 
for ſome of the objects contained in this catalogue, to know 


that the pitures which were givetr in a former Paper, repre- 


ſenting the various ſhapes and appearances of feveral nebulz, 
have been actually taken from nature, by Drawings made of 


them while 1 had them in view; I have therefore added a 
reference to theſe figures, as the deſcriptions of the originals 
which they repreſent occur in their order 1 in the catalogue. 


Arrangement of the n and exphanations of the 
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The firſt column contains the clan and number of the 
nebulæ. a | 


In the ſecond are the dates when the nebule were firſt 


” Ts" third column Ses the fiir; or eber abject, by 
which the place has been determined. 


Tn the fourth column the letter p or f ſhews that the nebula 
is 5 either preceding or following the ſtar. 


In the fifth is the time, in ſidereal minutes and ſeconds, by 
how much it precedes or follows the fame ſtar. 


The letter n or 1, contained in the fixth column, denotes 


that the nebula is north or ſouth of the determining ſtar. 


In the ſeventh is the quantity, in degrees and minutes, by 
how much the nebula is more north or more fouth than the 
ſame ſtar. 


The eighth column contains the number of obſervations that 


have been made of each nebula; and it is to be noted, that 


net Neale jew cu; 73 Sear. 


the e of the place 1 is generally taken from the laſt _ I 

obſervation, on account of the more perfect ſtate of the teleſcope. 4 
The ninth column, or remaining ſpace, contains the de- | 

ſcription of the nebulæ, by means of ſingle letters, or 1 now | f 

and then a few words added to them. 

The abbreviations are to be underſtood as . 


"> 


B. Bright. . 

F. Faint. 2 conſiderably. 
L. Large. p. pretty. 

S. Small. | e. extremely. 


Of theſe letters I have compoſed vB. cB. pB. pF. vF. eF. 
vL. pL. pS. vS. eS.; ; all which require no farther explanation. 


R. Round. 1. a little. 

E. Extended. i. irregularly. 
M. in the middle. g. gradually. 
b. brighter. ſ. ſuddenly. 
m. much. 


When theſe are joined we have iR. mE. IE. b gbM. . bMI. 
mbM. Ib M. glb M. gmbM. ſmbM., and by taking in ſome of 
the former letters BM. vBM. cBM. ; where no other remark 
will be neceſſary than that writing for inſtance bM, or brighter 
in the middle, it is intended to expreſs, that a nebula, which 
is faint at the borders, is leſs ſo towards the middle. And 
theſe degrees of brightneſs happening ſometimes to be ſo well 
united from the moſt imperceptible border to a very luminous 
center, I have, on ſuch occaſions, uſed the expreſſion vgmbM, 
or very gradually much brighter in the middle. EP 
r. reſolvable. m. milky. ö 
er. (joined) eaſily reſolvable. 

iF. (joined) of an irregular figure. 

C. Cometic, or reſembling a teleſcopic comet. 
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. having a Nueleus, or bright compreſſed ſpot. | 


1, b, or d. (joined to minutes) long, bees, or diameter. 


ſt. a ſtar. ſtars. 


m. nd. north of. 

| | {. ſouth. ſouth of. — — 

| p. preceding. np. north preceding. ſp. ſouth preceding. 
f. following. nf. north following. ff. ſouth following. 


; betw. between. ver. 240. verified by a power of 240. 
bran. branches. 


- Wis. chevelure. 

mer. in the direction of the meridian. | 

par. in the direction of the parallel of declination. | 

np ff. in a direction from north preceding to ſouth following. 
ſp nf. in a direction from ſouth preceding to north following. 
Example. I. 13. 22. 69 Leon. p- 7 57: n. o. 2. 3- vB. mE. 
F mer. ſmbM. J or 8'l. 
3 nebula of the Qt claſs. Feb. 22, 17 is; Tr precedes 
the 69th Leonis of FLAMSTEED's Catalogue 7 57” in time, 


FF _andiso* 2' more north than that ſtar. 3 obſervations. Very 
f bright, much extended in the direction of the meridian of the 
| nebula, ſuddenly much brighter in the middle 7 or 8/ in length. 
I. 32... p. 5. 11. n. O. 28. 3. cB. S. BN. and 2vF bran. 


| 5 32d nebula of the firſt claſs. April 13 4785 It precedes 
b 31ſt (or 1ſt d) Virginis of Fr. Cat. 5 11” in time, and 
is ©? 28” more north than that ſtar. 3 obſervations. Conſi- 


| _ derably bright, ſmall, having a bright nucleus, and two very 
| faint branches, 
T 
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Firſt claſs. Bright nebulæ. 


ana 40 


1. | 1783 | Stars. 
1 Dec. IC 82 (2) Ceti | 
2] —[3 Leonis 
3 —[34 Sextant 
5} 30181 Leonis 
1784 
6 jan. 19 64 Virginis 
7 23149 Leonis f 
8 —132 (24) Virgſf |. 
904 24410 („ Virg iS 
10 | — w_ Te | 
11} Feb. 15]5 Comæ Be. 
12 196 Comæ 
13 2209 Leonis | 
4 —[|29() vie 
ECC 
of. ys 
18 Mar. 1146 (i) Leo | 
19 14% Come p 
20] 15 73 () Leonis FS” 
22 — 340 Vrin. | 
23 — 
244 — 09 Virg ; 
251 — 434 Virginis f 
280 19 52(K)Leonis|p | 
27 Apr. 8 * () Leonis 
28] — 34 Virginis 
200 12 73 Cy Leonis 
30 13031 (14) Virg 
31 —381 (14) Virg 
32 ==] — f = j | 
33] 180 (0 Virgin 
34 — 659 (=) Virgin 
35 1734 Virgins 
30 . eee 
37 
38! 18132 (24) Virg] 
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Deſcription. 
cB. eL. iF. bM. 
ch. L. vgbM. N. R. 
| cB, pL. C. mu. 
cB. pL. C. mbM. 
B. pS. iR. bM. r. 


vB. pL. gmbR. 
vB. L. R. The place inac. 


| CB. pL. iR. mb M. r. 


c. E. np ff. N and 2 bran, 3/l. 
vB. pL. IE. gmbM. 2'l. 111b. 
B. pL IE. bM. m. 5 
B. pS. R. BM. r. 
bo mE. mer. ſmbM. 7 or $1. 
Wks Bi * 
B. eL. mE. near par. he”. i 

| cB. mE. ſp nf. ſb M. 4 or 51 


| cB. vL. iF. vembM. 


The 2 pof 3. Both vB. cL, mbM, 
CH rc. 

vB. pL. gbM. 

vB. mE. nearly par. 

vB. L. R. gmb M. 


| cB. pS. 


B. S. mE. 
vB. pL. r. near 2 BE: 
B. S. in a line with 2 ſt. 


cg. pL. not R. mbM. 


vB. BNM. and 2 F bran, np =. 
1 of two, at 4 or 5". diſt. 
| B. L. 

vB. cL. E par. mbM. 

vB. ct. TK. 3F; :. 

vB. E. mbM. r. betw. 2 Bſt. 
cg. S. BN. and 2 vF. bran. 

B. L. mE. mb M. r. 


VB. CL. E. np ff. SBN. 
5 vmE. vBM. 
| Two, 
LS. IE. 


9 or 10“ I. 
Both B. 


B. »L. mE. mbM.. 
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450 Dr HenScurr. 8 Eatalbgue 70 One + Thowſund 
ae having a Nueleus, or bright compreſſed ſpot. 


1, b, or d. (joined to minutes) long, bons, or diameter. 


ſt. a ſtar. ſtars. 5 2 5 

n. north. north of. . e 
{. ſouth. ſouth of. | 7 

p. preceding. np. north preceding. ſp. ſouth preceding. 
f. following. nf. north following. ff. ſouth following. 
betw. between. ver. 240. verified 15 * of 240. 

| bran. branches. 
che. chevelure. 
mer. in the direction of the meridian. | 
par. in the direction of the parallel of declination. | 

| np ff. in a direction from north preceding to ſouth following. 
ſp nf. in a direction from ſouth preceding to north following. 


Example. I. 13. 22. "0 Leon. p- 7. 7. n. G. 2. 3• vB. mE. 


mer. ſmbM. 7 or 8 1. 
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13th nebula of the it claſs. Feb. 22, 1 284. 10 precedes 
the 69th Leonis of FLAMsSTEED's Catalogue 7 57” in time, 
and is o 2' more north than that ſtar. 3 obſervations. Very 
bright, much extended in the direction of the meridian of the 
nebula, ſuddenly much brighter in the middle 7 or 8/ in length. 
I. 32... .. p. 5. II. n. o. 28. 3. cB. S. BN. and 2vF bran. 
32d nebula of the firſt claſs. April 15 3, W It precedes 
the 3iſt (or 1ſt d) Virginis of Fr. Cat. 5” 11” in time, and 
is O 28' more north than that ſtar. 3 obſervations. Conſi- 


derably bright, ſmall, — a bright nucleus, and two very 
faint branches, 
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new Nebule and Clufters of Stars, 


Firſt claſs. Bright nebuls. — 4 
„ | 


3 | | 
1783 _ M. S.] D. M. 05 | Deſcription, | 9 
- — — — — 1 — _ — 1 
Dec. 1/82 (3) Ceti f 2 17/0 87 cB. L. iF. b. = 
—13 Leonis p| 18 fi 12|5| cB. L. vgbM. N. R. | 
34 Sextant [pf 28 55]{ |o 13] 4| cB, pL. C. mbM. | 
— - -— ip 28 27|f |o io[4| cB. pL. C. mb. 
3081 Leonis p] 2 42jnſo 72 B. ps. iR. bM. r. 
1784 8 2 | 
| Jan. 19 64 Virginis If] 33 56 110 3 | 'B. pL. gmbIT. 
1 23149 Leonis |f 126 451i jo 4o[1] vB. L. R. The place inac. 
—1|32 (24) Virgſf | 2 5ol no 48] 5| cB. pL. iR. mbM.r. 
= 2410 CC) Virg ff 3 14 fo 354 cB. E. np ff. N and 2 bran. zl. 
10 — - = If] 33 37/0 fo 4/40 vB. pL. IE. gmbM. 2'l. 14 b. 
11] Feb. 15]5 Comæ Be. p 1 3ojf [2 11] 1] B.pL IE. bM. m. 
12 196 Come ff. 9 0 8 © 92 B. ps. R. BM. r. 
i 2209 Leonis p 7 7,3 0 is we" ra _m_ 7 25 
ul 129 () Virg [f o 43]n|1 23} 2| cB, L. mE. near par. N 
151 — - f 3 23 fo 5802 cB. mE. ſp nf. ſb M. 4 or 5 
160 =_ — — tf] 10 34 n [O 13] 2| cB. vL. iF. vembM. 
1711 ee ,ux. if] 15 coli [1 325 \ The2 pof 3. Both vB. L. mbM, 
" Mar, 11/49 (i) Leo | | 10 0 I A . 2. 1 Fo Fig. 4. FE 
2x9] 14141 Comz pf 10 300 no 46| 1| vB. pL. gbM. 7 
20| 15730 (n) Leonis|f 8 gajf 572 vB. ME. nearly par. 
21 — Tf |] 25 310 [1 49] 3| vB. L. R. gmb M. 
221 —⁴ Virginis Jp] 22 24[f © 172 cB. ps. 
23 — p| 18 24 fo 192 B. S. mE. 
24 —|20 09 View p 1 42jf ſo 5[2| vB. pL. r. near 2 BE 
254 34 Virginis f 4 45 fo 401 B. S. in a line with 2 ſt. 
ö 26 19 52(K)Leonis|p| 3 45]! 2 91 cB. pL. not R. mbM. 
; 27 * 8140 (i) Leonis| f 18 4711 O 43] 3| vB. BNM. and 2 F bran, np ff. 
85 I FP 0. 4 | 
| 28 —|34 Virginie p| 19 36001 82 1 8 two, at 4 or 5 . diſt. 
. 200 12173 (2) Leonis| p I off by 30 3| vB. cL. E par. mb M. 
30 13031 (14) Virg p 17 4% o 322 vB. ck. IE. iF. 
31 31 (1% Virgſp| 8 qu o 371 vB. E. mbM. r. betw. 2 Bſt. 
22 = - Ip $5 11]n|o 23|4| eB. S. EN. and 2 vF. bran, 
33 1509 9 (e) Virgin Ff if 12 n 1 3911 B. L. mE. mb M. r. 
34 59 („) Virgin|f | 20 42]1 [o 3402 vB. L. E. np ff. SBN. 
35 17 34 Virginis p 31 42]n|1 5/1 B. vmE. vBM. g or 10“. 
36 C—ͤ v 8% 8 © © 
g 5 2400 fo 2001 I? 
37 | = — 
38! 18 32 (2 4) Virgſp| 11 36[nlo OI B. L. mE. mbM.. 


ro > x * 3 * 8 * 8 9 8 : a 
n = * 2 — bt 9 = FS. . þ N r vie a 
"> 4s 3 4 * ks Wy * on” i _ : « i F * 
N AVE LATE A; * N OE. — 
* "s - Ss. * P — * 


h — * n 
| * — 


| Wo: Hessen $ Shi 5 On ebe, 
4 
I, 1 1 784 J Stars. | | M. s| D. M. Deferiprions 
—. — |— — a; ——— ' — — — — 
20] Apr. 24151 O) vs p21 21 3607 0 1411 vB, 1. L. ſmbM. rN. 5 
40 — |P 5 480 no 2 I | L. vBSNM. 
_— 280 Virginie If | 9 24% u 21 B. L. iR. IbM. 
42 — 20 (x) Vir gin f| 30 27]n lo 8[2| cB. L. iR. vebM. 
43] May 949 (g Virgiuſ p 28 61 © $I]1] E. vBM. gor@ l, 
44 21061 (e) Ophiu|f | 7 18]njſo 2 cB, pL. N. 
[ 4d 24143 © * p| 6 36 no 442 B. R vgmb M. 
[. 46 — fo Fan ft 461 pB. L. R. BM. r. 
1 471 June 10 I (m) Aquileſ 17 48|{ jo 33] 1] B. L. iF. er. ſt viſible, 
483] 17/43 (4) Sagiti|p|i14 n 4401 B. L. R. gbM. er. 
49] 224410 (5) Sagit Pp] 2 18jnjo 2301 B. pL. b. r. 
gol. 19 (3) Sagiti]f | 3 off jo 331 cL.R.vBM. m. 
| 551i July 1222 (a) Sagit f 3 12]t jo 13] 2| cL. R. vBM. er. 
. 52] Aug. 21017 Delphini f 6 oſn[2 2404 vB. S. R. gmbM. r. 
t 53] Sept. 5656 (v) Cygni 1 78 : 611 o 51 2 vB. L. mE. mb M. r. 
t 54 OR. 535 ( „) Andr |f | 12 44|\ 2 5001 B. L. R. mbM. Place inacc. 
| 50 19,56 Pegaſi pf 17 59 uin 2 1 
| 56 2 1 FY | Two, at 1' diſtance, Both cg. 
| | 7, | Nov-16{4 (a) Leonis tj o 46f 1 29 i 1 . appear like one E. 
1 = . 27[19 Eridani Er 2202 B. S. IE. mbM. 
| 22015 () Navis|f | 64 18]njO 2101 8. cBM. IE. m. 
| Ol 17 9 19 Eridani P | 6 S1jn © 16] 1 | vB. S. IE. mbM. 
| 1 1 Sextantis p] 8 42 u O 312 vB. S. iF. 1“ nfehſt. 
10055 (C Ceti IP] o 25]n|0o 372 cB. pL. E. b. 
| — 80 Ceti tf 5 12ff o 251 B. R. mbM. 1“ d. 
| | 28 (1% Erid pf 15 n 242} vB. pL. IE. mb. 
Feb. 731 Crateris |f 23 30 n [O 521 vB. pL. IR. bM. like 2 N. 
g 812 Hydræ F 25 281 71 B. vs. iF. mbM.- 
- 8 (=) Corvi [Pp] 37 1) n|2 10] 31 cB. pL. iF. mbM. ar d. 
| 
g A P 12 4001 4/1 cB. i. mbWM . ©@®- 
3 - Pin en e. 
| : $[106 Virginis ft] x 2jnjO 54/1 vB. L. iF. vgbM. | 
s —1•9 C) Libræ p“ © 2 I 42 cB.vs. b towards f ſide. 
{ 130 zLeonis mi f | 13 Juno I3|1] cB. cL. E. mbM. 
| —[13 Can. vena| p 50 171. O 221 vB. 8. 
| —|13 Can, venaſ p 43 Ff 11] 1] cB.R. mbM, 
—1 — — p 40 35 91 vB. 
— — = P 38 4! O 52 1 Jeg. L. E. 
— — - 15 34 15/n JO 231 vB. L. broadly E. bM, 
327 Urſe [f 7 46/ u [O 4|1| vB; L. vſmbM. 
I — - ff 23 Fan 171 cB. pL. R. vgmbM. 
| _ — — F | 67 10jn|O0 46|1| cB.S. i elliptical. 
6l41Leonisminſps O ln 1 40 2 cB. L. m. juſt p 2 ſt. 
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21 ) Cane 


0140 Cine. 
39Leonis min 
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| 14 (5) Comæ 
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31 Come 
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Detcription. 

0 1442 cB. 5 E. mer. gb. 
114214 £B. pl, R. mb M. 
o 551 cB. iR. BM. m. 7 or 87 d 
o 181 c. L. 
o 59 1] cB. pL. mbM. brightneſs IE. 
i 1i|1| vB. vL, gbM. 
o 1|1] cB,cL.iR, mb M. 
O 55] 1] vB. S. IE. 
1 571 The np of 2 cB. pL R. II. 377. 
19 1| vB, E. par, pBLN. and 2 bran. 

Poe vB, vL, mk. np ff. 10 or 127 
o 19] r|{ Gehl | 

cB. pL. 


Second claſs. 


K» 


Faint nebulæ. 


E . M. 8 p. M. b On. 
8041 . p 1114S Vil F. eL. mE. bM. er. 
24 (c) Piſ. aufſt] f uni 2 3 PB. S. iF. mb. 
17 (19) Ceti p :[n|2 2 F. L. mE. between 2 cBit, 
— 41 Ceti ＋i n |O 37 6 | pB. ps. R. mbM. C. 
82 0 Ceti p n jo 4618 pB. S. I. bM. © 
— Ip n | 21 S. C, between 2 Land 18 ft. 
45 ie 3 o 5443 F. pL. iR. vibM. 
8. f] JO 41] wo. The firſt, F. S. r. 
44 Eridani f o pon 7 4 ſecond,- F. vs. r. 
488 () Pegaſiſ p o 2312 F. pL. E. ſp nf. bM. r. 
6 Comæ f no 24|2| F. pL. nearly R. r. 
127 Coma p| 1 o 912 pB. L. I. mb M. r. 
8178 (1) Leonis| f | 1 10]2| pB. pL. mbM. r. 
3 (2) Virginis| f | n I 22|1] IE. not C. 
=o Virginis | f o 4202 F. pL. pk. : 
50 Leonis p n|1 324] F. vs. nearly R. 
q (e) Virginisff 4 3313] F. pl. E. followed by II. 91. 
Fuel n 1 12 E. 8. 
7 Claſs 7Neb. ] p % 121 F. ps. R. 
31 Bootis p 118 45 fo 382 F” g 
32 (2 4) Virg] f 28 n jo 224 pB. pL. b towards the p fide. 
31 Bootis p 1 F. vs. 
75 Leonis ff. o 2602 F. mE. 
78 Virginis p 1 3414 pB, . nearly R. mbM. 
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H. 15. wy Stars. | | M. 8 Y 
— — 2. eee ne il ds aa 
26 Jan. 28011 (s) Virg f 18 on o 45[1] pB. eL. b en wen f fide, 
27 3051 Bootis * 9 66 Jo 2 3 F. pL. R. Ib not MX. 
. 
* } Feb, 1 5 41 (5) Leonis| F-| 3 4500 0 1801 Tr. "= Both 
of 68 (9) Leonis|f 6 300 f [2 231 pB.r. 1 
22129 (y) Virg p] 2 31] n o 55/2 ph. eL. . r. 
2238684 (v) Leonis|p} © 30 n o 71 pB. vs. bM. 
— - — [pj] 6 u [%o 201 pB. pL. R. bM. 
. 260 (e) virgin p 51 23(f [1 274 F. s. 
16 (e) Virgin|t | 8 450 n JO 152 pk. mb. 
o (e) VirginſÞ | 46 Ff 293] F. L. iR. bM. 6' 1 
—16 (c) Virgin|t | 13 i5]f [o 402 pB. E. np ff. mb. 
Js! n p 5 30f o 53/2 pB. pL. iF. r. 
nl IP] 3 of1 jo 20|1| pB. contains 2 ſt M. 
Mar. 116 (b) Locke t| 1 43/n O 27/3 F. pL. IbM. 
46 () Leonis|i | 16 301.354 The f of 3. F. E. 
78 (+) Leonis|p| 14 Ono 121 F.S. 
12036 (C) Leonis p] 3 100 fo 402 pB, = WM 
_ Leonis 1281 $|n o 48] 1] Two. Both, F. E. IbM. r. 
68 (2) Leonis P| 37 300 n I 29|1| pB.S.r. 
Ae Leoni tp} 2 26|{]i 4912 pB. pL. IE. r. 3 or 4 ſt in it. 
1408 5 (I) Geminf f 56 450(f [o 421 pB. pL. Ib M. contains 1 ſt. 
8D Leonis p 15 I: © 19] 1] vebM.r. 
VVV at; LEO Yon that ©, B. eL. R. b. 
N 30 . . . bM. III. 27. 
— — -—- [p|] 10 oft jo 5 [II pB. S. I. bM, 
—81 Leonis [p] 1 300 n 1 192 F. E. r. 
—[85 Leonis p 1 24/u [1 292 F. S. R. N > 
= Comz |f | 4 45] 10 241 The f. of 2. r. See Note. 
25 Come [|p] 8 300 n [O 112 pL. iR. bM. 2 or 3 d. 
bs PTY 17 1 Two, diſtant 1“ np ſf. The 
155 (8) Leonie v1 7 *N* 39 "” . n * pl. 1bM. * 
| . — — — f 26 30 f O 531 8. C. in a row with 2F and 1 Bſt. 
1 60 — 12 (t) Virg [p] 5 150/u [O 1001 F. 8. 
3 61114 1 | Two. nearly par. The firſt 1 
. 620 | —Þ# Virgaie 4+ 26 120 31 Le { pL. E. The ſecond F. pls R. 
| 63 — p| 24 42 f ſo 92 F. pL. mE. 
64 N by Vic f| 11 45/ u lo 571] F. vs. 
65 — — [Ff 14 45]? ]o 5go[ 1| pB. not vs. 
| 66 — 30 00 Virg P| 9 39120 5661 pB. 
67 _ p 8 30[n|ri 6[1| pB.vs. 
68] —[34 "Viewiow pf 10 24/1! o 36|2| pB. 
69] —130 (e) Virg p] o 4811 lo 4121 pB. pL. R. mb M. r. 
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| Mar. 15130 (e) Virg I | | A nebula. 
„ „ r 64s. 
oth — 134 Virginis O 541 S. IE. 
tn Si 1 311 F. not vs. 
| | 7 Two, nearly par. The p pB 
| O 4211 { nearly R. The f. pB. vmE. 
br 8 or 100 diſtance, 
ph © 42]2| pB. pL. IE. gbM.r. 
is p 0 2702 ph. pL. E. b. M. r. f. pBft. 
p O 2712 ph. pL. r. 
15 1 f] oO 1501 F,L.R.IbM.r. 4 or 5 dia 
21147 (9) Cancriſ f 12 551 pB. pL. E. r. 2 or 3 ſt in it. 
EIn) Leon ff 1 411 pB. pL. not R. r. 
„ 1 351 F. 8. IE. r. i. pBf. 
—]z3 Come ip o 4311 F. pL. r. 
„1 o 59 1 F. 8. R. r. Note. 
- ..| . | { Two. The p. pB. 8. 
ang; The + Wa 
T1 3311 S. bM. r. 
10 53 { / 8. bM, T. | 
o 312 S. bM. r. near Bſt. 
%o 31 pB. bM. r. near Bit. ; 
o 1801 S. N 
O 2418. 
bx. o 5101 FE. vs. 
I. 27. — I 3511 F. 8. ; 
5 27 Comæ 231 pB. vmE. nearly mer. 
—[15 Serpentis 1 51 pB. pL. not R. bM. r. 
| 226 Serpentis o 35|I| pF. S. r. p. 2pBſt. 
238 Leonis 1 o 20 2 F. eL. iK. mbM. 4 or 5 dia” 
52 * o 1211 pB. 8. 
he p. * 1 o i F. ps. r. 
I. r. o 20 1 pB. S.mbM, 
1 Bſt. o 381 F. ps. R. IbM. r. 
_ 0 4711 F. S. E. f. 2 er 3 ft viſiblein it. 
1 10 4812 pB. S. R. r. pLxN. 
21. ji 17]2] PB. pL. R. vgmb M. r. | 
| I 28121 F. pL. 
1 O[1I} pL. 
: 9 mE. r. 
1 541 r. 
o 311 8. r. : ; 
e OE Two, about 2“ diſtant. The 
| ſl firſt R. r. The 2d, E. r. 
II. Vol. LXXVL 249 8 
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-h (0% Virgiaizff | 3 
-u (5) Virginff | | 
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118 
q 19 
17 5 
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34 Virginis 2 


12 Hereulis 


15 78 - Loy 


2 r 9 
88 
114 
f | 14 24 4% 540 
"5 840 28 
1 ſo 35 


quſs 28 


54 
[£12 25 
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n 21 


e I 


— it 


W ro. Phe rt is the eres 
"YC - The ad F. 


1 1 


Two. Both pF. 8. DM. 


15 two p. of 3. Both F. « 
HM. Note. © 

not vF. S. x. 

p. L. E. r. 

12 vS. R. lbM. F. 

L. R. BM. r. 

F. pL. Ib M. R. r. 
r 
pg. L. nearly R. WM . 
pL. E.-pBM. r. 


not F. S. E. mer. 1 
F. E. 
{ S. E. pBM. 


FK. S. F. r. 
F. pL. r. 


Three nebulz, The laſt aue 
largeſt. e ” 
F. pL. the largeſt be a. 


F. 8. B. 


pb. pl. mE. 5. 
not F. R. vgb M. 


F. pL, . . 
F. pL. nearly R. er. 


nqdt VF. pL. R DM. -r. 


F. mE. x. 
4 Two, about 4 Kant, Beth 


F. ps. C. : 
« pL. IE. Ih. towards p. ſide. 


F 
| F. pL. X. T. 
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| Aprilrs 20 Virginis 
| „ 193 
17 


s CE 
2 
* 
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2 2 8 828 


0 if 
N 
| Deſcription. f 
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F. pL. m. HM. r. 1 
PT. pL. nearly R. Tr. 
ph. 8. bM. almoſt ſtellar. 
eL. R. M. 
F. not 8. R. bM.- N 
not F. pL. R. Ib, f a. 
| ps. | 
PS. vmk. 
F. vmE. 
pB. vs. 
1 nebulæ. 
| The moſt ſ. KE. 
_ . 
| | | Three nebulz. 
[ {Te 1 
The third 8. 
F. | 
pp. L. 
F. 
pF. not s. 1bM. r. 
4 very cloſe. Both 8. gel- 
lar. The. is lar geſt. _ 
| PB. L, iR. er. 
pF.pL.E.r. 
| pf, . I. . 
pB. cL. E. vimbM, 
not F. L. IE, IbM.r. 
F. S. iF. near pt. 
| pF. L. R. r. 
| PF. pL. r. 
| F. cL. E. . . | 
| pB, R. vimbM. near Bſt. 
£5 pL. iR. IbM, . 3 
| pF. ps. R. r. near ſome St. 
IE. mer. nearly. | 
2 AXIS 3. PB. vs. b. 
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{'Two, oak © & diſt, Doch r. 
[i vS., R. ver. 240. | 
PF, E. cloſe to a ſt. contains 2 ft. 
e. 8. F. the ſame with 240, 
cF, eL. iR, IbM. W 
| VF. pL. E. par. r. 

. $} 1} eF. vs. ftellar. ver, 240. 
2 0 8. E. nearly par. with 240 

'L Hke two ſtel. 8 
F. not S. iE. 


* Two. near 75 7 dift, Both 
_ (xy) Libr] f] 3 392 | all v. 1 = 
| 10 June 11 17 (#) Hereu p | 4 vF,vsS.r.ver. 240, np. oY 
1 July 1216 (4) Capri p 1 vF. L. I. b M. 240. ſame. 
5 N 21/0 Aquile |p] 3; 2 vfF. E. about 2 J. 
1 Aug. 7135 (2) Sagitſp}- « 1 3 vSſt with ſaſpected nebuloſity. 
1 44 m_ O 39 (5) Cygaiſp| | Some esſt. with neh. IE. ver. 240. 
1 1040100 Fegaſi p 2] vF. IE. ſtellar. 
| — (59 Pegaſi f F. E. ſome Sſt. with nebuloſity. 
k —Þ5 Pegai f 12 or 3ſt. with ſeeming — 
I 11128 Androm p vf. pL. Ib. 
1 — 31 (3) Andr If ef. vs. R. | 
1 — 18 Trang p Near V. 18. F. SR. bM. 
= —Þ (0 Trang p F. vs. ſtellar. betw. vL. and Sſt, 
3 — [39 Arietis p vF. ps. of equal light. Io 
þ 3140 Andr Tp 29] 1| vB. pL. IE. lb. towards f ſide. 
1 7 2 1 [{ rs Both eF. vs. 
1 3: A The f is the largeſt. 
| A 12 I Three forming a rect. triangle. 
4 - —-f43 (8) Andrſf | 13 2 i In the legs eF. vs. at the 
„ 13 rectangle vF. pL. | 


 Ewo, Both eF. 8. but une 


qual. 
2 F. SE. r. 


011 | Two. Both v. ps. K. bn. 


— l Androm 20 
17 (7) Ferſeiſ p 
— ER Fertei Ip 


N e 


ä r N IE 3 
=” 


FIR OT I | eF, v3. 240 left a doubt. 
8 „or 6 ſt. forming a paralielogr. 

| 5 16 (v) Cygni f , | with mixed nebul. ver. 240. 
1 . 1er. vs. E. af. & gor & diſt. from. 33. 
q 3 8) Andr|f | | 1 | Two, Both ſtellar. 
Fo PR 4601 f wh 

„„ 1114 ſt 
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17 (7) Perſei 
156 (8) Arietis 


40 Pega 
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7127 («) Perſei 
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1514 5 
—[59 1 1 
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| vF. 
F. pL. IEK. 


2 St with ty ver. 240. 
F. vs. E. ſ. peſt. 


Deſeription. 


oF "i 


1 Both vs. ſtellar. a little 


doubt ful. 


II ſtellar. ver. 240. 


ſtellar. 

e. ſtellar. 240 left ſome doubt. 
vF.cL. iR. r. 2 or © BY 
pL. R. 8B place M. | 


eF. vs. R. n. eLſt. 
vF. vs. R. ver. 240. 

40r 5 Sit, with nebul. 240 doubt. 
eF. S. iE. 

eF, vs. ſtellar, ver. 240. 

vF. E. er. 3 Fſt. viſible in it, 

eF. vs. 


eF. ſtellar. ver. 240 and L. 


eF, ſtellar. juſt like 187. 


eF. 


vF. 18. 
vF. mE. 


 eF. S. ver. 240. with difficulty. 
| EF. ver. 240. with —— 


eF. es. 


| EF. eS, ver. 240. 


1 Both eF. ver. 240 but 
juſt ſuſpected with 157. 
cB. mE. vgmbM. near 4 l. 
The f of 2. vF. iF. ps. II. 239. 


eF. vs. ſtellar. ver. 240. 


F. L. E. 2 l. 


vF. S. ſp. 2 vSft. ; 

| eF.ver. 240.diſcovered i in gaging. 

eF.S. 

eF. vs. ftellar. plainly. ver. 2 240. 

eF, vd. . juſt f. pſt. 

F. 8. R. 
The 


p- WF. 8. IE. 


| Two. 
The f. vF. vS. ftellar. 
| 0 es. ver. 240. completely 


though with difficulty. 
e. eL. ver. 240. betw. 2 Bft. 


! * : 6 * 8 1 : l y 
Z — . a he 1 k a= 4 : 
v * . . FX * 2 9 3 Ts Van 4 ne Pl 
I... | l 2 . ** * " 2 — I , » 7 , 4 . _ 
wr". g — 2 ” Io * ' 4 7 p 
* N * « 42 . « *\ . J 
N Catal | 
| 5 - 5 , 4 * Fw * My * a” 1 * A N 
* \ o . 
a N * 


ö IL Bog. | | 208 
Se. M. | Duo | Deſcription... 
— — — 
131 Arietis [Pp] 30 480 n 1 24| 1 | vF, flellar. ver. 240. | 
- -—-. |Þ 36 nſo 01 8 N 
1 31g {© 37 wo.” The p. vE. pS. R. vibM. 
3 | 45 (5) Pegaſi i 15 2505 0 AE . . pS, N. vibM. 
f [$8 (ﬆ) Pegafif 13 5% % 4% F. 58. . . 
A 15 Delphini p 5 24]n|o 21 eF.vs. ſtellar. ver. 240. with dif.. 
1 bp 10 10/n o 234 F. R. bM. 1 f d. 
4 pf 7 iqn 1 0/2». 8. 
1 p 7 In o 54 2 »F. 8. R. 
3 7 (b) Cen f 23 12 [1 1 v. IE. or oval. 1 d. Fs 2 Bd. 
1 1 (1 7) Erid |p| 21 42 f 2 1102 »F. 8. iK. 
1 15 (2) Lepor|f | 6 24 o 49 1e F. E. r. near 1' l. ver. 240. . 
| 21/70 () Pegaſi p 1 50% 18]2| »F. vs. ſtellar ver. 240. 
| 704 Ceti p 2 24/f 0 37|1| 20r3 5K. with neb.nearly ver. 240 
1 F | | b RE © Two about 1' diſt. The p. eF. 
5 73 (28) Ceti f 12 54, n © 171 Þ vs. ver. 240. The f. eF. es. 
1 »»i.i.. + Job; 12. 1. 0: G_- 
= 12/55 (Y) Pegaſi p] 3 36! [o-29|1| eF. es. 240 left ſome doubt. 
* . 3r(1 c) * 9 * I 011 Two. Both vp. ſtellar. 
= = p 8 27/\|r o2|jeF.pL. glbM. 155 
1 10443 00 Cane pj 11 24 n 1 601 F. ſtellar. 5; 
1 21 1 20 n 2 41 eF. 8 ver. 240. 
4 ted p23 22 f |1 37|1| eF. IE. betw. 2 pBft. ver. 240. 
* 1733 Pegaſi f 12 $4 O 4601 eF. vs. 
, | —[66 Pegaſi p] 6 6/2|1 10|1| eF.es. ver. 240. with difficulty, 
1 A Eridani 5 32 261 11 »F. S. 1“ dia, or more. 
"I 20/12 Leporis p 7 55 1 o 59 1 »F. vs. ſtellar. 
1 —| — 14 2 39 no 231 eF, vs. IE. par. 
15 C) Nay |f 68 16[n 0 53 I| F. IE. S. 1“ d. 
p Dec. 2/56 Pegaſi p 9 16 n o 42|1| F. 8. er. 
5 9148 Ceti [P48 34/210 271 eF,vs EB, 
1 Es Eridani p is 49 f o 271 »F. eL. iE. r. unequally B. 
4 — 191 Eridani p] 1 38,2 o 502 F. E. equally B. 
1 — 6 1 41e. vs. 
1 — [2 27 Eridani p 4 23 n I 71] vF. vs. IE. 
| — — [p| 2 N 18 1 vF. vs. _ 
{ 44-22 10-38} Two. nearly par. 4 or < diſt. 
; 138g 77 arif 0 f 2 7 , T2” vF. 9. K. 4 a 
5 —| — — ff 3 42 un 1 381 F. pL. iR. Ib M. 
1 22 — If 6 4812 O 11[I[eF. L. E. 
15 Sextantis p 14 34 n ji 52 2 vF. E. np ff. 5 l. 47 b. 
—|7 Sextantis f 20 27 n O 421 F. vs. p. ack. of Bſt, 
| 20430 Can. milf 26 5 f lo 4801 . vs. ver. 240. 
1 | III. 
| 
| 
| 
"POM 1 6 3 


new Nebule * voie 1 Stars. «0. 


1 | 
Stars. Deſeripton 
| _ B ——.— — — | | 
Dec. 20/13 ({)Can.mil | 44 597 o 551 eF. pL. iF. RY, > = 
—]10 (7) Virgin p 5 TP 7] | F. S. E. 
oe BY 4 
70 6 ceti p 10 34/f |o 38|1| eF. es. if. | 
—— = p 7 leon "= 4 I | eF. vs. ſtellar. | | 
s Ceti |p| 3 46f % 6/1 F. eL. = 
—194.Cet pf 16 15 1 eF. ver. 240 with dimeulty. g 
44 Eridani |p| 3 22f % 111 ek. Gellar. or IE. almoſt ver. 40. 
. (A) Hydr| p 26 48 n 1 192 F. vS. R. ver. 240. ] 
IO 45 \ (9) Ceti f 32 28 { 1O 46 I} eF. ſtellar, ver. 240. 
— f 3 6060 43} 1] F. IE, ver. 240. i 
207] Feb. 414 We Lepor f o If 1 56/1 F. ps. iE. bM. | | 
268] 611 (a) Lepor p 27 511 o 3101 eF. S. ſtellar. ver. 240. ad. lf 
I 269 8 * p 32 23 /n 1 11 I | eF. vs. ſtellar, ver. 240. eafily. | 
. 270 | 2 p 20 on |I 28| 1| P. es. ſtellar. ver 240 difficulty. 
K 271 —8 (3 ») Can- f| 8 ono 41 | or 4 Sſt with neb. vF, ver. 240, 
272 76 Crane p| 58 39|n[1 2101 F. ps. iF. vb. 
273 — — — p 55 43 n 10 39 In 
274 31 Crateris p] 4 400 f | 141 »F. pL. iF. 
275 8012 Hydræ |f 20 30 f 49[1| vE. vs. bM. 1. St. 
27 —]35 (x) Hyd p] 9 20jſ|0 2601 »F. vs. ſtellar. 240. the ſame. 
27711 | _ | | __| . | f Two. 3or 4“ diſt. The moſt n. vF. 
2590 —39 (Tv) Hyd p 5 A” u 30 || 8. The f. 4F. vS, Both ſtell. 
279 —8 („) Corvi p 31 26[n © 101 I | eF, pL. better with 157 than 240. 
| EV p. I 298. F. es. ſtell. 240. 
; 2800 i: „ uy 8 STE jt doubtful, _— he 
281 —| - - If n o 46|1| »F. ps. r. 
282 — 653 Virginis $ 2 n 1 12|T] vF. mE. Tf np. v narrow. 
283 1741 (e) Bootis| p 4 n o 271 F. vs. 
284 Mar. 55 (/) Virg|p| 54 12 | 19] 2 | f. 8. iE. bu. 
285 — 88 Virginis f n 1 17]1| eF. s. 
280 —99 (4) VOY Pp] n %o 3101 vF, L. b towards n. FE” "= 
287 — pl 7 580 fo 71». ps. if. 50 1 
2880 6015 (6 0 Navi t| 1x 16|f 71 vb. eL. er. ſome of the ſt. viſ. 
26 100 (3% Crat|p| 69 14/f |o 25/2 F. vs. large ſtellar, IbM. 
290. —{2 (e) Corvi p 16 n 2 31 eF. pL. broadly E. —— 
291 11/75 Cancri p] 2 53|f [1 1301 vF. pL. R. bM. | 
292 12/46 Cancri p11 40 1 142 »F. pL. R. Ib. r. 
293 — 23 Leonis p17 46 9 22 I | eF. eS. ver. 240. | 
294| 13/67 (24) Canc|p| 2 44/n o 15 1 vF.vsS.R. bM. large ſtellar. 
295 72 (v) Canc if 5 47]n ſo 24|1| vE. vs. R. nf..2pBit, 
290 — - Aff 8 42 n 17|1| vF. S.R.IbM. | 
297 — 15 (J) Leon p 13 8 |o 34/1 eF. eS. 240 left a douht. 
298 IS Leonis min p 20 56 f % 4412! »F. vs. iR. b M. 


3 . 


CF. vS. ver. 240, 
eF. ps mE. r. 
;, 4% Ja 

* x _*% _ 

_ eF, not verified. 

| vF. vs. ſiellar. 
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20 > 
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Va 


178 5 Sus. | Deſeription, | 
Mar. I 301 3 Can. ven. 1] eF, 
— =] L The mog f of 3. ve. I. 322.343 
— — — I} vF. vs R. 
— — 9 L | eF. vs. 1 
42 — | I | eF, vs. ver. 240. 
— — — L | eF. v5, ver. 240. 
— — = a vF. vs. IE, Eon; ö 
. 2 , : . p. VF. vs, The f, 
* vi 22 ' . 7 or 8“ nf the firſt, VF. vs. 
3 — my | L | vF. 8. | 
— "Hip — 0 1 eb. vs. 
— 49 (3) Bootis | | 1241 11 vF. vs. 7. 
bs hk Uriz min pf 24 18}a|1 18] 1| ». S. iR. between 2 p5ft.. 
— —--[p| 19 gaz 61e. S. IE. 2 vsſt in it. 
| Jau, 27 8 nſo 121 F. vs. IE. — 
— 49 180 u o 2401 eF. »S. IE. er. 
72 | I 
* 
I 
I 
I 
2| 
1 
1 


EEE —— . 


wad | vF. ps. 
— . — 5 8 © 1811 vF. ſtellar. ; 
i 19 | 14 43 o 40 ; | 1 Two. The ſp. vE. IE. The of, 
1 = „„ ++ . Leb. 5 or 60 diſt. 
— — — 13 46|[1{ 4501 eF. vs. 
+ 3 lc lo ol A 17 vS. ver. 240. diſcovered in 
* 5 77 7 gaging. 
—  45]n lo 331] vF. ps. 
31 {jo 2502 F. 8. 
— n 2 2602 F. S. 
1003 no 29 | F. ps. vibM. iR. 
— n 1 361 F. vd. vibM. 
_ % 34/1 F. 10 n. Sf. 
— 7 n o 1601 E. vs, ver. 240. 
— nſo 2301 F. 8. 
DT: |. [| | \ Two. 2 or 3“ diſtant. Both vF, 
— 1 1211 
. 1 5 vS. the moiſt ſ. fainteſt. 
—1 uo 521 vF.S. 
— ſ]o 381 F. vs. 240. the ſame. 
— n I 44|1] vF. vs. 240. the fame, 
2 F. vs. pL. two ſtellar. ſuf- 


Clo 1 5 { 
. 7 ö 


pected near it. 
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wew Nebale ond Clufters of Stari. 


III. 1785 E Stars, u. 84 
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b. al. 
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40 Come 


39Leonis min 
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43 Comæ 
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| 14 0 FOES 
I 3193 Leonis 


11 Libræ 
11 Serpentis 
93 Leonis 
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2 3Leonis min 
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26 411119 5661 vF. v8. ver. 240. eaſily. 
22 55 [fo 3201 ye, vs. IE. 
20 7ſt jo 41 vF. vs. 240. the ſame. 
ate Two. 5 or 6“ diſtant, Both . 
* 2.43 i VS. ver 240. 
1 38 u [2 8]1] eF, pL. IE. ver. 240. 
7 400 f 171». IE. 8. 
3 1201 [1 381 | eF. IE. a little doubtful, q 
1 | eF. 240 ſhewed a few St, with 
y ; - : i neb. but doubtf. 
17 36 n o 35|ir]| vE.s. 
= | | { Two. Both vF. vS. the moſt . 
* + * : i is the fainteſt. 
53 4jajo 26 r| eF. 240 left it doubtful. 
28 291210 43] 1] F. vs. diſcovered in gaging. 

21 41{1 o 16] | vF.S. pmE. 
5 554 | | Two of 3. the place is that of U. 
17 40001 551 { 371. Both vF. mE. A 4th 
A 3 
„ | | Three of a quartile. The place 
14 24j2]1 5501 { is that of II. 372. All vF. 

3+ 4-4 $$ ns all within 3. 
o 40jn jo 1881] vF, LL. 
3 2% 31] eF. nr . 
6 16060 jo 23/1] VF. , 
5 24 /n ſo 25|1|] vF. 
1 dn O 411 vF. 
2 26]a|1 181 »F. ps. 
1 24 o 2|1 vF. pL. 
11 2J[f o 531] F. mE. 1t1.r. diſcov. gaging- 
25 4111 10 291 eF. vs. 240 left a little doubt. 
28 $[n]o 311 vF. S. mE. nearly mer. 
13 52 f Ii 81 »F. 8. R. ver. 240 eaſily. 
1 250 n o 251 vF.cL. moon · light. , 
1 18|\ o 121 »F. juſt n. Sſt. 
12 8 181 eF. pL. r. 
7 28[njſo 712} F. vs. r. 
5 SIA o 5 4 el. VS. Z 
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Dr. Huxcens:. 8 — One Thouſand 
Fourth claſs, Planetary nebulz. 
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Stats with burs, with milky eder with fort rays, remarkable 


IV. | 1782 


Y * 4 


1783 
Dec. 26 


an. 16 


I 5 Monocer p 


59 Lebnis 


- 
* 
* 1 
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8 Stars. 


” „6 


I 3()Aquari p 5. 


| 13 Monocer | 


ſhapes, &c. 
para] 


| ———— 


| 14 | defined diſk. 


| cal bruſh. Fig 8. 
| eF. 8. like an ſt. with a vF. 


pB. R. 


p* pF. exactly R. of equal li 


| 


Defeription. 


| vB. nearly R. planetary not well 


| | eB, le about 20 I. from 


the center Fig. 7. 


pB. m. like a ſt. with an electri- 


bruſh ſp. 240 ſhews the ſt. 


A pBft. with a m. ray ſ. par. 


15 or 200. Fig 6. 


1 F. L. C. A central B. point with 


efF. m. chev. 

F. pL. m. between 2 Bſt. like an 
clectrical bruſh to the moſt n. 
but is not conne ged. R. 


| A double Nebula. The che. run 
into each other. cloſe. not vF. 


A peſt. with a vF. bruſh nf. with 
240 2 8ſt. vifible in it, but 
not connected. 

p. well defined W 
30 or 40 d. 


_ diſk. 


7 F. L. iR. inclining to m. 3 or 4 


d. like a bruſh to a np. ft. but 
probably unconnefted. 
ght. the 
1 edges p. well def. 1'd. See note. 
vF. of equal light. r. 1“ d. in 

the midſt of numberleſs . of 


| | the milky way. 


A Fſt. with S. chev. and 2 3 | 


ph. perfectly R. pretty well de- 


fined. 3 d. r. 

A Sſt. with a vF. nebulous bruſſi 
14 or 2“ l. diſcovered with 
240. 
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new Nebulæ and Cluſters of Starr. 493... A 
= 44 — 
IV.] 1784 | Stars, | | M. 8. A 7 5 „rl. | „ = 
le | 18] Oct. 6/4 Androm. p 6 11jn 3 *. 4] B. R. a planetary p. well defined ._- 
| | | "M | diſk. 15“ dia" with a 7 feet- 
| | | reflector, 
19 1608 Monoc. 58 7 6 fo 1001 Aft. of the 9 magnitude, with 
I 2 | "1 m. chev. i elliptical. 
— „„ Sod, o 301] Aſt. of the 11 or 12 mag. affected 
ell by 3 | | like the foregoing, but vF. 
21] Nov. 20012 Leporis p o 2441 S. ſtellar, vBN. and vF. chev. 
8 as not quite central. 
om 22] Dec. 97 (5) Navis f 1 28 L. pB. R. er. 6 or 7' d. a faint 
0 "a — 14 . 1 colour viſible. A ſt. 8 mag. 
| Bn | not far from the center, but 
ri- wel not connected. 2d ob. 9 or 10' d. 
8 1785 | 1 | 
F. 23] Jan, 6/75 Ceti p 4 4 ſlo 6 cB. a vBN. with a chev. of 3 or 
ar. 2 —150 (2) Orio |f | 0 571 to 1711 A Bſt. with m. chev. 5 l. 4 b. 
25 3101 Navis y 67 n 151 A peſt. with »F. and v8. m. 
ith : N 5 Ichev. iF. 
20] Feb. 1134 (y) Erid f | 16 16|a o 49|2| vB. perfectly R. or vl. elliptical. 
an 1 | 2 | planetary but ill defined diſk. 
. = 2d obſ. T. on the borders, and 
| | is probably a very compreſſed . 
un. 1 — | cluſter of ftars at an immenſe 
F. IS | diſtance. x 
ith | 27  716(36)Crater|p| 28 39[n1 25| 2| Beautiful, brilliant, planetary diſk - 
but | | „ i defined, but uniformly B. the 
| 1 light of the colour of Jupiter. | 
ary 1 2 | | d. ad obſ. near 10 d. by 
| 3 | eſtimation. 
4 2 31 Crateris [f | ono 4/1 pB. L. opening with a branch, or 
but | 3 two nebulæ very faintly joined. 
99 EF 1 The ſ. is ſmalleſt. 
the 29 814 (») Crateris| f | 3 360 no 1601 A Sſt. with an eF. bruſh p. per- 
ne. 1 = 1 ceived in gaping. ver. 240. 
m 
bo F ifth claſs. Very larg nebule. 
4 v. Stars. N 


| and 7 os 8 b. C. H. See note. 


e. mE. np ſf. mbM. er. or 10˙1 
with a branch towards the np. 
4 V. 


21 Jane 2 06) Veg 


ay 22061 (e) Ophiuſ f 


ot 11 28 Androm. | p 

IJ E22 (=) Triang 

188 Od. 8035 6) Andr | 

19] ons (8) Perſei 

20 3 2000 (b) Ceti If 
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1 Jan. 3118 (Canis 


Feb 
521 (g) Comæ 
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ER 8 


« 0 Sagitt' f 


. 7561 Virginis | 


— 988 8 


| vF. R. 
L. E. r. 6 or 7 1. 


| mn R. A. near 14 


[A ftreak of lebe, 


x L. F. K. r. ö or l. g er c b. 
A lacid ray 20“ I. or more. 3 or 


| 


| Deſcription. 


eF. »L. er. K. ** 
5 or 6 d. 


vL. eF. r. 5 

I. F. TAs almoſt ; a | 

B. E. almoſt par. but I. np Tf. 
8 near 15 l. 


1 I. E. broad. m. F. 
Three nebulæ, faintly joined, form 


a triangle. In the middle is a 
double ſt.vF. and of great extent. 


b Extenſive m. neb. divided into 2 


parts. the moſt n. above 15. 
The moſt r̃ followed by ſtars. 
Branching nebulofity, extending 
deg. and in 
The f. part divides 


F. D. 52. 


| | into ſeveral ſtreams uniting 
| | again towards thef 
03 Extended; paſſes thro” þ Cygni.. 


By the Newtonian view above 


| 1 degree |. By the Front- vie 


near 2 deg.l. See note. 


1 . 5 or 6“ d 
2| m. nebuloſity. not leſs than £ 


deg. broad. perhaps 3 degree 


long, but not . 


vB. mE. 30“ l. 12. b. C. H. 


cg. mE. above 15 I. 3“ b. a black 
diviſion 3 or 4 l. M. 


nearly mer. 
26” 1. 3 or 4 b. pB. . 


A broad E nebuloſity, forms a2 
i... parallelogram with a ray ſouth» 


wards; the 


parall. 8'k, 6” b. vF. 
mE. ſf np. 


2 p. 


| 4 b. np ff. vBM. a beautiful 


appearance. 


1 . 


Sirch clafs. Ver compreſſed and rich cluſters of — 


Additional 
abbreviations 


C1. Cluſter. 


ſc. ſcattered. 


— 


com. compreſſed. 
co. coarſely. 
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11 ofnfc 12 3 A beautiful Cl. of many L. and 
II. com. 8. & abet 12 d. 


11 Nov. 19 63 (p) _ 


2 27 zolt [2 9] 3] Av.com. Cl. of esſt. iF. 5 or 
| | | by | or 6' d x my” . 
3 1 of f oO 181 A Cl. of vi td; and es. ft. E. 
44 5 300 511 A Cl. of v. com. 8. ſt. =P 
5 31 of! fo 15/1 hs a v. com. $.7 or 8'd. 
51 18 ol! [1 5711 Cl. of ſt. of various ſizes 


* TT com. M. p. rich. 
o 8]1| AneF. CL of es. ſt. with r neb. 8 

| | or10'd.ver. 240. beyond doubt. 

o 611 Av. com. Cl. of K. 8 or 9 4. 

= e tich. N. or IR. © 

4 180 f 7A Cl. ofes. and com. ft. 6 of 7 

"1 2 d. many of the ſt.viſible, the reſt 
II os. as to appear nebuſcus. 

1 480 n fo 241} A v., com. and eL. Cl. of the 
1 ſmalleſt ſtars imaginable, all of | 
| | | a duſky red colour. the nent 
ſtep to an er. neb. 0 
A fine miniature of the rg ne- 

bula of the Connoiſſ. des 

Temps (which is a Cl. of v. 
com. |, much accumulated. 

M. 4 or 5 d. all the ff red.) 
2er 24 d. the ſt. F. red. 

Another miniature Cl. like the 
preceding, but rather coarſer. 

A Cl. of S. and p. com ft, of ſe- 
| veral mag. gor 60d. not v. rich. 
1A Cl. of eS. and v. com. it, a pa- 
I rallelogramof 4 l. 27 b. mer. 
A ſuſpected Cl. of vFit. of conſi- 
I fiderable extent. not ver. = 


A 


10 


3 


24 


43 Ophiuchi p 


June 24110 (y)\Sagit} 


3 | 
4} July 11 5 Vulpec 


July 12 34 (o) Sagirt) 


A . Ct. af com. ®K.. | 
'2| Av. rich Cl. of v. com. and eSſt.. 
1 4 or 5, d. A miniature of the 35 
ä Cl, of the Cont, des T. whick 
it preceuves 1 18% and is 2 n, 
A v. com. and rich Cl. of vSft. 
iF. 8 OT 9 d. | 
A beautiful L. Cl. of the moſt mi- 
| nute and moſt com. ſt. of dif- 


Aug. 10 12(p)Sagitt= 
Nov. 10 * (1s) Gem 
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ferent ſizes, 6 or F d. iR. * 
red colour. 
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Defeription. 


| AL. Cl. of ſc. ſt. c. rich and 


A beautiful Cl. of 


- —— — 


[ 


— I — — — — 


A Cl. of L. ſeat. ſt. 10 or 12“ in 
extent, with a yacancy M. 


A beautiful Cl. of ſc, &. chiefly. 


of 2 ſorts. the firſt L. the ſe- 


cond arranged in winding lines, 


contains the 12th Monoc, 


| A 8. Cl. of com. ſt. ſome pL. 
2 


A Cl. of pL. and p. com. ſt c. 
rich. 20 or 25 d. iR. 

A Cl. of com. ſt. of various mag. 
p. rich in St. not R. 


A p. rich and com. Cl. of ſt. 


A e. rich, but p. co. ſc. Cl. of ſt. 
I. more com. M. 


A. rich Cl. of ps. fc. fl. moſt 


of the ſame ſize. 200 d. 
AL. Cl. of p. com. ft. moſt of 
one ſize, 


com, more than 15 d. 


Ac. rich Cl. of co. ic, ſt. above 
2 . 
p. com. |; 


near 4 deg. d. C. H. 


| A Cl. of fe. Sf, not v. rich above 


15 d. 
A Cl. of co. ſc. t. 200 d. 


As. Cl. of p. com. ſt. not v. rich. 


A Cl. of fe, ſt, c. rich. 200 d. 


A v. beautiful Cl. of pL. ſt. v. 


rich. contains the 30 Canis. 


— 


" Eighth © claſs. Corley ſcattered cluſters of ſtars. 


N 5 Deſcription. DE 


2] ACl. of co. ſc. ſt. The place is 


that of the moſt com, part 
which is not M. 
AS. Cl. of vs. ſc. ft. 


| An E. Cl. of L. ſc. ſt. 


VIII. 


vin] 1784 | Stars. , | M. Ws. - Deſcription, e 
Jan. 106 11206) Tauri p| © 51 2 A Cl of co. andi. fe. pLf.. | 
1811 5 Monocer p[ © © Double and attended 1 more 
By 3 | tha 066... , 
2 p| 14 20[njo 4|2| A Cl. of co, ſe. ſt. a 
| Feb. 1004 Orionis p[ 4 © 1 71] ACL of L. and S. fe. ſt. 2 
15197 (i) Tauriſp| 5 28|n|o 132 A Cl. of eL. v. co, ſc. ft. perhaps 
23: 4 | | a projecting point of the mway.. 
1904 (v Gemi p 8 15]njo 15]1] A Cl. of vm. ſc. ſt. of various 
FF + | | | | magnit. near 4 deg. not rich, 
"Mor. 1 50(2A)Canc Fi 2 9 %o 44|1] A Cl. of v. co. ſc. ft. not rich. 
10050 Gemini |f | 15 5502 191 A Cl. of ſc. ft, 
June 1601 (m) Aquilzjf | 1 42 0] 2]1 A Cl. of v. co. ſe. ft. 
220 Aquilæ pf 12 480 fo 56] 1] A Ci. of co. fe. ſt. not rich. 
18043 (4) Sagitti p. 44 48001 541A Cl. of fe. pLſl. 
July 15063 Sagittaru|p 103 300% 2 101 A Cl. of co, fe. ſt. 
17f 12 (0) Cygni f 13 6 %o 44] A Cl. of not v. com. ft. cloſeſt M. 
F | | | | It may be called (if the expreſ- 
| | = | | fon be allowed) a forming CI. 
| | 154 | | orone that ſeems to be gathering. 
111 18 33 Vulpe c p 24 180 n O 41 1 A Cl. of many L. |S 
1814 Sept. 61(#)Aquile p| 2 Fan o 18|1] AS. forming Cl. of ft, 
19 — p 4200 40/1 A Cl. of co. ſc. L. ſt. not TY 
WE 9.18 Vulpee |f | 1 olf jo 27|1| A Cl. of co, ſe. ft. not rich. 
21 1006 Vulpee [p] 2 2 u %o 292 A Cl. of cL. co. ſc. ſt. 
214 218 Vulpee [f 1 12f o 121 A Cl. of co. ſe ft. 
23 Oat. 15 12 (y) Delpb[p| 5 18000 33] A Cl. of co. ſc. ſt. | 
24 60 (») Orion f I o ſſo 46 1 | A SCI. of pL. white K. 
25 16 10 Monocer [f | © off |o of 1| The 10 Mon . ſurrounded by 
1 | | „„ by many Bſt. 
261 Nov. 1601 (8) Gem [p] 2 16jn|© ZJI] A Cl. of ſt. of various magnit.. 
os Ci +1 | | not v. ric. - or) d. 
271 20011 (e) Navis p| 36 4 no 4601 A8. Cl. of ic. ft. not rich, nor v. 
1 B | | T1 com. 
of. : 1x) Orion] p-] 11 53}f{ % 15] 1 K. of pL. ſc. ſt. not rich. 
" | arm K 32 39 © 11] [A Cl. of a few co. ſe. L. ſt. 
30% Ens (0 Canis f | 57 109ff 5 151 AL. Cl. of many co. ſc, L. ſt. 
170 3 : | 
31 Many 6119 Monocer | p | 1 5 3z6ojnj1 311 AL. Cl. of ſc. |. not v. rich. 
32 1006 Monocer p | 34 320 f 0 41|1| A Cl. of co. ſe. ſt. of many 
« E a 2 magn. p. rich. above 15 d. 
33 =_ —_ — pl 32 5 501 15] 1 A Cl. of ſc. L. ſt. 122 
34 _ — — lp] 26 36jſ jo $211 An extenſive Cl. of ſc. it, 
35 310· Navis |P| 21 230001 211 3 A Cl. of pL, ſc. ſt. p. rich. about 
| | EF---- } | || ao l. crooked fig. 


VIII.. 


Tag G. . . 20 
2 LIP | or 300 dia. 5 
2] As. Ci of p. com. |, of rarions 
4" | fizes. not v. rich. 
2| A Cl. of p. com. L. 204 8. f. 
| | R. above 16 d. 
13] An extenfive Cl. of ſc. * of 
II various fizes. 
$| 1 | Cluſtering L. ſe. |. y of 
t cequal lize. 


Notes to ne d Nebule and A of Stars. 


5 L 7. This 2 being no TER in the place it has been 
obſerved, we muſt look upon it as a very conſiderable teleſcopic comet. It was 


vifible in the finder and reſembled one of the bright nebulæ of the Connoifſance 


des Temps ſo much, that I took it for one of them till I came to ſettle its place; 
but this not being done til a month or two after the obſervation, the oppor- 
| tuniry of purſuing and inveſtigating its track was loſt, 

I. 13.. The figures referred to, in the deſcription of this and ſome other 
nebulæ, may be found in the Philoſophical a vol. LXXIV. tab, XVII. 

Pp. 40. 

I. 28. The numbers annexed to foe of the nebulæ refer to the claſs and 
number of the preceding Catalogue: thus, II. 41. denotes that the 41ſt in the 
ſecond claſs is the third nebula, following the two here deſcribed, 

I. 28. Near the 84. and 86. neb. of th Connoiſſance des Temps. 

II. 6. This bas probably been a teleſcopic comet, as I have not been able to 
find it again, notwithſtanding the aſſiſtance of a drawing which repreſents the 
teleſcopic ſtars in its neighbourhood, 

N. preceding i is the 85 of the Connoiſſance des 8 

II. 84. 6 or 80 following the 100 of the Connoiſſance des Temps. 

II. 118. Juſt following the 88. of the Connoiſſance des Temps. 

II. 123. 124. The third is the 8 7th of the Connoifſance des Temps. 
III. 44. The following is the 6oth' of the Connoifſance des Temps. 

IV. 13. Before the value of the degree was more ſtrictly aſcertained, the two 

obſervations were thus: 


1 


eee 17 it [2 „ * 

4 39 (5) Cygni 111 35 

which, if there be no error in the place of the flars in FLawsTeeD's Catalogue, 
_ differ about 14 in polar diſtance, for which reaſon in the ſecond Paper on the 
Conſtruction of the Heavens this nebula was put down * whereas it no- 
appears, that both obſervations belong to the ame. | 
V. 1. This nebula was diſcovered Sept. 23, 1783, erb e 
HeRecurL, with an excellent ſmall Newtonian Sweeper of 27 inches focal length, 
and a power of 30. I have therefore marked it with the initial letters, C. H. of 
her name. See alſo V. 19. diſcorered ys 27, 1783, nd VIL 13. diſcovered Feb. 
26, 1783. 
V. The Front=wiew is a matted of uſing the reſlekting teleſcope different from 
the Newtonian, Gregorian, and Caſſagrain forms. It conſiſts in looking with the 
eye glaſs, placed a little out of the axis, directly in at the front, without the 
interpoſition of a ſmall ſpeculum; and has the capital advantage of giving us 
almoſt double the light of the former eonſtructions. In the year 1776 1 tried 
it for the firſt time with a 10 feet reflector, and in 1784 again with a 20 feet 
one ; but the fucceſs not immediately anſwering my expectations, it was too 
| haſtily laid afide. By a more careful repetition of the ſame experiment I find 
now, that ſeveral other conſiderable advantages, added to the brilliant light before 
mentioned, make it ſo valuable a conſtruction that A judicious obſerver may avail 

himſelf of it at leaſt in all caſes where light is more particularly wanted; and 
from the experience of 30 ſweeps, which I have already made with it, I may 
venture to announce it to be a very convenient and pleaſant, as well as uſeful, 
way of obſerving. With regard to the poſition of objects, it differs from other 
conſtructions, by invertin Ig the north and ul, but not the preceding and 
following. 


2 


Errata of the Catalogue. | 


The n nebulz mould ſtand thus. 
pB. 8 R. vgbM. 


I. 54.35 0 Andr, Fd 36|f 1 26 
4 1. | 41 Aquarii O 1712 F. eL. mE. bM. er. 
H. 239. Ia the deſeciption read The 2d of two. 
© Re 
. 
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7 XXVII. Irvefication of the ae 7 that PP 7 
Vun which has been aſcribed to the  ſmallneſs of the * 
Prucil. By William Herſchel, LL. F. R. S. 


Read June 22, 1786. 


* after my firſt eſſays of uſing high powers with the 
KI Newtonian teleſcope, I began to doubt whether an opinion 
which has been entertained by ſeveral eminent authors, * that 
4 yifion will grow indiſtinct, when the optic pencils are leſs 
4 than the 40th or ;oth part of an inch,”* would hold good in 
All cafes. To judge according to ſo rigid a criterion, I per- 
ceived that I was not intitled to ſee diſtinctly with a power 
much more than about 320, in a 7-feet teleſcope which bore 
an aperture of 6,4 inches; whereas in many experiments on 
double ſtars I found myſelf very well pleaſed with magnifiers : 
that far exceeded ſuch narrow limits. This induced me, as it 
| were, by way of apology to myſelf, for ſeeing well where L 
ought to have ſeen leſs diſtinctly, to make a few experiments 
on the ſubject of the diameter of optic pencils. It occurred to 
me, that an opinion which limits them to any given ſize can- 
not be ſupported by theory, which does not determine on ſub- 
jects of this nature, but muſt be decided, like many other 
pbyfical queſtions relating to matters of fact, by careful expe- 
riments made upon the ſubject. The way, therefore, to corne 
at truth, in a caſe which ſeemed to me of conſiderable im- 
portance, lay ſtill 1— to me, as it bad done to former ob- 
7 3 ſervers; 


dean marim (Dubia etiam pro ſalis baleada }, to ſuppoſe, for 


* wal —＋ r ot 


2 while, the ſize of optic pracile, requiſite for diſtin nden. 
intirely undecided. | 


The firſt opportunity I had of making the propoſed experi- | 
ments was in the year 1778, and the reſult of them proved ſq - 
deciſiye that I have never fince refumied the ſubject; and had it 
not been for a late converſation with ſome of my highly 
eſteemed and learned friends, I might probably have left the 
papers, on which theſe experiments were recorded, among the 

'reſt of thoſe that are laid aſide when they have afforded me the 
information I waht. But a doubt ſeeming till to be enter- 
tained on the ſubje& of the ſmallneſs of the optic pencils, it 7 
may now be proper for me to communicate theſe experiments, 
that it may appear how far the concluſions I have drawn from 
| them are warranted 185 the facts on which I ſuppoſe them to 
= 


Experiments with the naked eye. 


_ Exp» 1. Through a very thin plate of braſs I made a minute 
hole with the fine point of a needle ; its magnified diameter, 
very accurately meaſured under a double microſcope, I found 
to be 46 5 of an inch, while under the ſame apparatus a line 
of ,o; in length gave a magnified image of 3,545 inches. 
Hence I concluded, that the real diameter of the perforation 
was about the 152d part of an inch. Through this ſmall 
opening, held cloſe to the eye, I could very diſtinctly read any 
printed letters on which I made the trial. Proper allowance 
muſt be made for the very inconvenient ſituation of the eye, 
which by the unuſual cloſeneſs to the paper cannot be expected 
T tra to 


20 dee win its common facility: Beſides, the 1 = 
nun of the letters, which is required on account of the ſmall - 
neſs of the field of vie , * — take bu a conſiderable 


7 time. 
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Exp. 2. In ſome a pieces of braſs F ids ſraller ville; ; 


; and among many, that were meaſured with the ſame accuracy 


as in the former experiment, 1 found one whoſe magnified dia- 
meter was , 29: hence the real diameter could not exceed the 
244th part of an inch. Through this opening I could alſo 
read the ſame letters; but the difficulty of managing ſo as not 
to intercept all the incident light, as well as the very uneaſy 
fituation of the eye, were ſufficient reaſons for not carrying the 


intended experiments any further under this form. Beſides, I 
__ ſhould hardly have allowed them to be fair, if, on a further 

15 contraction of the hole in the braſs plate, an indiſtinctneſs had 
come on; as we might well have ſuſpected at leaſt two other 


cauſes, beſides the ſmallneſs of the pencils, to contribute'to 


ſuch an imperfection; vis. want of ys and a deflection of it 
on the contracted * of the hole. 


'M 2 E perimenti. 


up 3.1 had now recourſe to a double en confiſt- = 


ing, for ſimplicity's ſake, of only two lenſes. The focal 


length of the eye - glaſs, carefully aſcertained by an object half 
a mile off, being 9; the diſtance of the object-glaſs from the 


ecye-glaſs 9,36; and the aperture of the object-glaſs ,0405. 


Hence we compute that the diameter of the optic pencil, when 


it entered the eye, could not exceed the 232d part of an inch ; 


yet with this conſtruction I ſaw very on wy 2 I 
placed under the microſcape. 
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7 ire of tht chind Eaſe to-,0135 
hence the pencil was found to be the 724th. part of an inch; 
and yet I faw with this conſtruction very Ain every: * 
that was placed under the magnifier. - 
Exp. 5. I made a ſecond reduction of the aperture of th 
bjeck⸗ glass, ſo that now it was no more than , 052; and 
therefore the optic pencil leſs than the 1 800th part of an inch: 
and yet I could very well count the briſtles on the edge of the 
wing of a fly, and diſtinguiſh their length and thickneſs. 
Exp. 6. Changing the conſtruction of the microſcope, E 
now reduced the pencils by an increaſe of power. Solar focus. 
of the eye-glaſs , 52; diſtance. between the object- glaſs and 
eye-glaſs 7, 6; aperture the ſame as in the third experiment. 
This gave me a pencil of the 336th part of an n inch, with. 
which I ſaw very diſtinctly. 
Exp. 7. Applying now the reduced aperture of the fourth - 
experiment, I had a pencil of the 11 39th part of an _ with 
which I ſaw very well. 11 
Exp. 8. I changed the eye lens for another of 5171 forall 
length: the object glaſs and diſtance between the two lenſes 
remaining as in the two laſt experiments ; aperture ,02.. This 
gave a pencil of the 2173d part of an inch, with which I 
could count, or rather ſucceſſively ſee, the briſtles before men- 
tioned very well; the field, on account of the great power, 
not taking in more than two large and a ſmall one at a time. 
Exp. 9. I was now convinced, that we may ſee diſtinctly 
with pencils incomparably leſs than the 4oth or goth part of an 
inch; and indeed ſo far from expecting any obſtruction to 
diſtin& viſion from the ſmallneſs of the pencils, it appeared 
to me now as if their ſize might in future be intirely left out 
of the account, With a view, however, of ſeeing what other 


cauſe 


dss the ſmällneſs of the optic pencils, I continued theſe expe 
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eau he n chit indiftin@ieſs which bad been aſcribed 5 


fiments with a variation in the apparatus, and uſed now an 
odject lens of a different focal length 3 the aperture and other 
particulars being as in the qth experiment. By this conſtruc- 
Goa, which gave me à pencil of the 724th part of au inch, I 
could ſee objects very well; but though they appeared diſtinctly, 
they were not ſo ſharp on the edges as one would wilſh to ſee 
them. This being compared with the 4th experiment, it ap- 
peared that, with equal pencils, unequal degrees of diſtinctneſs 
may take place; and a pretty ſtriking circumſtance, which ſerved 
to lead me in the following experiments, was, that the ſmalleſt 
power gave me the leaſt diſtinct image; notwithſtanding, from 
former trials, the — of the lenſes 1 a could not 
de doubted. © 
Exp. x0. On an examination of civemimcis it 8 to 
dne, as indeed I had already before ſurmiſed, that a certain 
proportion of aperture might be neceſſary to a given Focal 
length of an object- lens or ſpeculum; and that a failure in this 
point might probably bring on that indiſtinctneſs which had 
been aſcribed to the ſtnallneſs of the pencils. In order, there- 
fore, to put this to a trial, I uſed now an object- lens of 1,25 
focal length, wirh an aperture confined to ,01 ; the reſt of the 
apparatus being as in the 3d, 4th, and sch experiments. The 
peneil in this caſe was abodt the 1000dth part of an inch: 
and though by a different conſtruction I had already ſeen very 
well with a pencil of not half that diameter, I found this to 
give me, as now I had reaſon to expect, a very indiſtinct 
picture, ſo much ſo indeed, that it could hardly be called a 
repreſentation of the object. 


Exp. 


3 þ * 1 8 


| . 11. — the ene vet * objeQ-lens to 164, 
bad a pencil of the 3 an inch, but could ſee no 
better with it. 
Exp. 12. ere ne eee I * 3 
mitted an aperture of ,017, which gave a pencil of the 550th. 
. but could ſee not much better with "FP 
before.” * 
1g. on a Ginher nals of the aperture to 08. 
** a pencil of the go6th part of an inch, 1 ſaw a little better 
but ſtill had not diſtinctneſs enough even to ſee the briſtles 
before · mentioned at all. Hence we may conclude, that, in 
ſuch conſtructions as the preſent one, the aperture of the object - 
glaſs muſt bear a conſiderable proportion to its focal length; 
ſince the gath part (for ,0231 : 1,25 :: 1: 54) is here not 
nearly ſufficient. 
Exp. 14. To the fame apparatus 1 applies a bigher: power, 
by an exchange of the e but the — re- 
mained as before. N 
Exp. 15. Returning again to * former confiruBin I ad- 
mitted an aperture of about 037; and having now a pencil of 
nearly the 25oth part of an inch, I could but juſt perceive ſome 
of the large briſtles, which ſhews that even the 34th part (for 
,037 : 1,25 :: 1: 34) of the focal length is not a ſufficient 
aperture for objed-lenſes that act under ſuch . as 
the preſent. . 
_ So farlT have ak related . * were made in the 
year 1778; ; and my opinion that the ſmallneſs of the optic 
pencils could: be no objection to ſeeing well being thus ſup- 
ported by evident facts, I hefitated not, in a Paper on the 
Parallax of the Fixed Stars (Phil. Tranſ. vol. LXXII, p. 96.) 


to affirm, that we might fe diſtiatly with peneils much 
ſmaller 
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mob —— Experiments 
Lnaller chat the 40th or:coth/part of an 1 11 aid not ap- 
. Pear to be neceſſary, nor would the ſubject of ther Paper per- 
mit me to enter into a detail of experiments but having, in 
che courſe of my reading about that time, met with an account 
of ſome: very ſmall globules made for microſcopic uſes, I con- - 
tented myſelf with an inſtance of ſmall pencils taken from 
them. I ſhall, however, now proceed juſt to hint at a few. 
inferences that may be drawn from theſe related experiments; 
| as, upon a mature conſideration, we may find reaſon to be- 
euere they point out a cauſe of indiſtinctneſs of viſion hitherto 
never noticed by optical writers; and which, when properly 
inveſtigated, cannot but influence, and in ſome reſpects con- 
tribute to the improvement of, our theories in optics. For, 
admitting that every object-glaſs or ſpeculum, whoſe aperture 
bears leſs than a certain ratio to its focal length, will begin to 
_ give an indiſtin& picture, it will follow, that while former 
opticians have been endeavouring to diminiſh the aberrations 
ariſing from the ſpherical figure, and the different refrangibility | 
of rays, by increaſing the focal length, they have been unaware = 
of expofing themſelves to the conſequences of the cauſe of 
indiſtinctneſs here pointed out. And till its influence ſhall be 
well aſcertained and brought to a proper theory, we muſt ſuſ- 
pect that ſuch tables as thoſe which are given in our ww - 
authors of optics, pointing out an aperture. of leſs than 6 
inches for a glaſs of 120 feet focal length (or a ratio of 1 to 
240) muſt be far from having that degree of perfection which 
may yet be obtained. No wonder that teleſcopes, made ac- 
cording to theories or tables, where one of the cauſes of in- 
diſtinctneſs is unſuſpected, and therefore left out of the account, 
can bear no ſmaller pencil than the 4oth or 5oth part jof an 
tage * then, on one hand, by increaſing our apertures we 
8 I 8 certainly 
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en the Diameter of Optic Pencils. 507 
certainly run into great imperfections, we ought nevertheleſs 
alſo to conſider what dangers, on the other, we may incur by 
leſſening them too much. | 
As ſoon as convenient, 1 intend experimentally to ks this 
ſubject, in order to obtain proper data for ſubmitting this cauſe 
of optical imperfection to theory; at preſent my engagement 
with the work of a 40. feet reflector will hardly permit ſo 
much leiſure; and till I ſhall have repeated, extended, and 
varied theſe experimental inveſtigations, I would wiſh them to 


be looked upon as mere hints that may afford matter for future 
diſquifitions to the theoretical a 
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1786. 2 vol, 8? 


April 6. Memoires dꝰ Agriculture, d' Economie ru- 


rale et domeſtique, publics par la So- 
cietE Royale d Agriculture de Paris. 
Annte 1785, Trimeſtre d' Eté. Paris. 80 
A Treatiſe on the Venereal Diſeaſe, 
J. Hunter. London, 1786. 


by 
4 


The Author. 


The Tranflator, 


The Author. 


The Royal Society of Agri- 
culture at Paris. 


The Author. 


Apr. 


| 7786. 


| Experiments and Obſervations relating to 


T 583. * 


6 Preſents. 


Apr. 27+ Teiun Tziu, a Chineſe Book in 2 yol. 


raduzione del Tciun Tzin di Confuſio, 


fatta da Luigi de Poirot, MS. 4 
various Branches of Natural Philoſo- 
phy, by the Rev. J. Prieſtley, 
F. R. S. Vol. III. Birmingham, 1786. 8? 


A Narrative of the Death of Capt. James 


| Cook, with ſome Particulars concern- 


ing his Life and Character, by David 


| 4* . 
 Effai ſur le Fluide Electrique, conſidere 


comme Agent univerſel, par feu M. le 


Samwell. London, 1786. 


Comte de Treſſan. 


Paris, 1786. 
2 vol. 


8 


1 de traiter les Marfares des 


May 4 


Animaux enrages et de la Vipere, par 
M. Enaux et par M. Chaulker. Di- 
jon, 1785. 

A Gold Medal on the Inauguration of 
the Equeſtrian Statue of the O__ 
„ 

Memoires de Mathematique et de Phy- 
ſique preſgytes à PAcademie R. des 


Sciences par divers Savans. Tom. XI. 
Parts, 190. 4 
E phemerides Aſtronomicæ anni 1787 ad 


Meridianum Mediolanenſem, fappu- 
tatz ab An gelo de Ceſaris. Mediolani, 
1785. 


18. Connoiſſance des Temps pour VAnnee 


25. Thoughts on Magnetiſm, 


1788, calculee-par M. Mechain. Paris, 
1 | 17” 

Ignatii Witczek Caſus peculiaris Hiſtoria. 

Vilnz, 1783. | 


Trigonometria Piana e Sferica, di Ant. 


Cagnoli. Parigi, 1786. 5 
Ordre du Service des Hopitaux Militaires, 
par M. G. Daignan. Paris, 1785. 8? 
ag 
Joſ. Quarin Animadverſiones practicæ in 
diverſos Morbos. Viennz, 1786. 89 
La verite miſe-en Evidence, ou Cinquieme 
Lettre a M. Cadet, par M. Janin. 
Lyon, 1785. 8³ 


7 


LL. D. 


oe 


8* 


M. de Bukati, Epvoy from 
15 2 8 | 


- Donors. 


405 de Poirot, Miffonary 


at Pekin. 


The Author. 


The Rev. Andrew irre 


D. D. F. R. S. 


Abbe de Treſfan, Vicaire | 
General de Rouen. 


M. Chauſſier. 


The Empreſs of Ruſſia. 


The Royal Academy of Sci- 


ences at Paris. 


The Author. 


W 


Poland. 
The Author. | 


The Author. 


Mr. Lacam. 
The Author. 


The Author. 


May 


17 86. 
10 25. A M. Janin de See pode b 


— 4 
* .- » Za; 2 
* * F 2M» < * ai 9 
# \ * 


- 
- L F | 


Jour de ſa Fete, — M. Tn Lyon, 
1785.” gf 


Lettres de M. Thomas A M. * de 


Combe- Blanche. x" 
_ Obſervations faites à la Societé Royale 


de Medecine de Paris, par M. Janin 


de Combe -Hlanche, A Lyon, 1785. 8? 


Replique au Docteur M, Halle au Sujet 


die ſon Ouvrage: Recherches ſur la 
Nature et les Effects du Mephitiſme : 
par M. ** de 5 

Lyon, 1785. e 


June 1. Liber Regis, vel Theſaurus rerum eccle- · 
fiaſticarum, by J. Bacon, nas, Lon- 


don, 1786. 4® 

. Secunda Diſſertatio Botanica de Malva, 
Serra, Malope, Lavatera, Alcea, Al. 
tha, et Malachra, Auctore A. Fo 


Cavanilles. Parifis, 1786. 4 


Explication de la Planche qui repreſente 


plufieurs varietes de la Pierre aux 
Etoiles mouvantes. Hambourg, 1786. 
| O 


15. Memoirs of- the American Academy of 
Arts and Sciences. Vol. I. Boſton, 
1785. 

Medical Commentaries for the Year 
1785, by A. Duncan. Vol. X. Lon- 
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M. Janin. N 


The Author. 


The Author. 


Hamburg. 


The American Academy. 


Andrew Duncan, M. D. 


don, 1786. | 


Numiſmata Scotiz, by A. de Cardonnel. 
Edinburgh, 1786. 4 
Medical Reports of the Eſfects of Ar- 
ſenic in the Cure of Agues, remitting 
Fevers, and periodic Head-achs, by T. 


Fowler, M. D. London, 1786. 8 


Tri-lichanon Goni-arith-metron, Fran- 
ciſci Perez. Florentiæ, 1781. 45 
Lettera enciclica dell' Abbate Fr. Perez, 
nella quale fi fa paleſe la uſurpazione 
plagiaria del ſuo ſtromento goniome- 
trico triplindice fattogli da P. Elifeo 
della Concezione. Bologna, 1786. 4 
Traite Chimique de l' Air et du Feu par 
C. G. Scheele, traduit par le Baron 
ee 2361. 12 


The Author. 
The Author. 


The Author. 


The Tranſlator. 


June 


OW - 


Mr. Pierre Laporterie, of 


1 315 1 


Preſente. 
1786. 


June 15. Supplement au Traits Chimique de ar Iron de Dietrich. 
— — Ä-— 
22, Johann-Ingenhouſa verſuche mit pflan- John Ingenhouſx, M. D. 
zen, überſezt von J. A. Scherer. Wien, F. R. 8. 
1786. W - 
A Meteorological Journal kept at Odi- The Author. 
ham, in Hampſhire, from March 28, i 
1785, to March 31, '1786, by A. 
Baxter, Eſq. MS. fol. 
The Hiſtory of Athens politically and The Author. 
philoſophically conſidered, by W. 
Young, Eſq. London, 1786. 4? 


: A Thermometer for meafuring high De- Joſiah Wedgreod, hy 


orees of Heat, with a ſet of Ther- F. R. 8. 
mometer pieces. . | 
| Commentarii de Rebus in Scientia Natu- Mr. Philip Hurlock, F. R. S. 
rali et Medicina geſtis. Vol. XVI. 
Lipfiz, 1784, 1785. = 
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PHILOSOPHICAL TRANSACTIONS. 


( 


A. 


* 


1 Account of a Journey i into the Province of, p. 365. 

Air, Atmoſpheric, note reſpecting the weight of it, p. 127. A better conductor of 
heat than the Torricellian vacuum, p. 286. Experiments on the conducting power 
of moiſt air, p. 293. Experiments with air of different denſities, p. 298. 
1 Air, Hepatic, experiments on, p. 118. What it is, and its properties, ibid. General 
Fo  charaters of, p. 127. The action of hepatic and other aerial fluids on each other, 
1 p- 130. The action of hepatic air, and acid, alkaline and inflammable liquors on 

each other, p. 137. The properties of water ſaturated with it, p. 141. The 
properties of alkaline liquors ſaturated with it, p. 143. Its conſtitution, 1 144. 
Of phoſphoric hepatic air, p. 1 50. 

Alkaline Liquors, their properties when impregnated with hepatic air, p. 143. 
Alum, obſervations on the production of, p- 186. 
American Indians, particulars relative to their nature and cuſtoms, p. 229. Enquiry 
into their ſuppoſed want of beard, ibid. Pluck out their beards, p. 230. Colonel 
Butler's opinion on this ſubject, p. 231. Captain Brant's opinion, p. 232+ 
4 


American 


2 * 


el 


Ein 1 


— . the Title Tithe, the Wolf Tile, 2 
the Bear Tribe, p. 233. 'The ſucceſſion of their Chiefs or Sachems, p. 234. 


| Their chief warriors hereditary, p. 234. Have great women as wel as grant 
men, who bold ſeparate councils, ibid. Their friendſhips, ibid. 


3 Infiruments, obſervation on the graduation . p. 2. Account of thoſe 


made uſe of by Dr. Herſchel, p. 457. 
Afronomical Obſervations made at York at various times from July 16, RY to Dec. 


15, 1785, p. 423. „ new nebulæ and cluſters of _ p. 


457. See Kart. 
* uſed EY CEE by Bae, p- 93. 


% 
B. 


Barker, Thomas, Abfira& of a Regiſter of the Barometer, maden, and Rain, at 
Lyndon in Rutland, in 1785, p. 236. 


Barometer, regiſter of in 1785, at Lyndon in Rutland, p. 236, Obſervation on at 


' York and Scarborough, p. 424. 
Baſalles, account of, in the ifland of Ponza, p. 373. Account of ſome glaſs which 
cooled in baſaltic forms, p. 375- Frequently formed by lava running into the ſea, 


p. 376. 


Beards, Enquiry into the opinion « of the Indians of North America not Us beards, 


p. 229. Colonel Butler's and Captain Brant's opinions on that ſubject, p. 231 


| Bergman, Profeſſor, firſt diſcoverer of hepatic air, p. 180. 
Bilge Water, obſervations On, P · 185. 
Bird, Mr. improvements made by him in the diviſion of "VO p- 1 3 


Birds, ſome particulars of the birds in the iſland of Ventotienc, p. 372. Very few 
petrefactions of the bones of birds to be found, p. 451. 


Account of a ſpring of, called the Bulicame, near Viterbo, p. 371. 
Brahe, Tyche, The pains he took in dividing circles, p. 1. 


| | Brant, Capt. his opinion of the Indians of North America not having kewl, Þ-2 32. 


Braſs, magnetical experiments on, p. 67. Further experiments on, p. 76. 


Britiſh Muſeum, duplicates of petrefactions found in St. Peter's Mountain, near 


Maeftricht, depofited in the Britiſh Muſeum, p. 446. Obſervations on the ſkeleton 
of a crocodile depoſited there, p. 447+ 
Butler, Col. his opinion of the Indians of North America not having beards, p. 231. 


C. 
Calabria, note of the preſent ſtate of, feſpecting the earthquakes, p. 380. 


Camper, Peter, con jectures relative to the petre factions found in St. Peter's Mountain, 


near Maeſtricht, p. 443- Duplicates of the petrefactions ſent to the Britiſh 2 
p- 44% 


X x x 2 Cavallo, 


Boiling Water, account of a column of, in the ſea near the iſland of Iſchia, p. 370. 
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Canſlarnd, Richard M., * to the nature and calms of the Hase 
North America, p. 229- · 

Cavendifh, Henry, Account of 3 . at F ada e. | 

relating to Freezing Mixtures, P. 244. 

| Celano, Late of, and the emiſſary made by the Emperor Claudius for draining i, vilted 

by Sir William Hamilton, p. 368. 8 

| Child-birth, onthe dangers of, p. 354. Calculation of Fog extra : of twins, ibis. 

On the weight and fize of the head of male and female children new born, p. 357. 

The greater danger to the mother from male than female children, p. 361. Abſtract 

of the regiſter of the Lying-in Hopi at Dublin from Dec. 1757 to Dee. 17845 

p- 363. 

Cicero, his villa in the province af Abruzzo ett to a chapel, p. 369. _ 

Circles, much done by Tycho Brahe, Herelios, and Dr. Hook, reſpecting the dividing 
of, p. 2. Review of the labours of the learned to accompliſh this defign, p- 2. 
Explanation of Mr. _—_ $ method of dividing circles i into "7 given number of 

parts, p. 19. : 

Clarke, Jeſepb, Obſerrations on ſome Cauſes, of the Exceſs of the Mortality | « Males 

above that of females, p. 349. 

| Clay, the difficulty of obtaining 1 it of the ſame thermometric properties, P- 398. The 

difficulty remedied by a mixture of alum earth, p. 402. The fix changes i Ir under- 
goes by different degrees of heat, P- 405 5. Mixed with alum earth ſuffers no enlarge. 
ment by ignition, p. 406. 

Clock Faces, belt ſeen at a diſtance with the figures orange od the ground indigo; or or 
the figures red and the ground green, p · 346. 3 

Coobencal, gold ſhells ſo * * to be a ſpecies of cochinesl. in the pupa ſtate, 
„ ro 1 

Cold, the cauſe of their prevailing moſt during the cold autumnal rains s and pon the 
breaking up of the froſt in the ſpring, p-. 298. 

Cellini. B. ſtory of his ſeeing devils run on the tops of houſes at t Rome, p- D 19. 

Colours and Light, new experiments on the ocular ſpectra of, p. 313. | 

Comet, advertiſement of the expected return of that of 1532 and 166 1 in the year 1788, 9 
p- 426. A prize of 6000 livres offered by the Royal Academy of Sciences at Paris 
for computing the diſturbances of the above comet, and thence to predict its return, 

p. 428. Table of computed places of the comet on ſuppoſition that it ſhall return ta 
its perihelion, Jan. 1, 1789, p. 430. 

Copley, Sir Godfrey, his medal for 1785 given to — Roy, for his admea- 
ſurement of a baſe on Hounſlow-Heath, p. vii. | 

Copper, magnetical experiments on, p. 72. 

Crocodile, the petrefied bones found at St. peter s Mountain, near Maeſtricht, ſuppoſed 
to have been crocodiles proved to belong to the Phyſeter or Breathing-fiſh, Delphinus, | 
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Damp Beds 2 Rooms, the as of the 1 of them, p 298. 
Darwin, Robert Waring, new experiments on the ocular Petra of light and colours, p. 313. 


* 


Devils, ſtory of Benvenuto Cellini fecing them run on the tops of houſes at Rome, | 


p. 319. 


Diachylum, experiments on, with ſea falt and ſpirit of » wine, P. 486. Experiments ons 


with Glauber ſalt and fal ſodæ, p. r 58. 


Dividing of Infiruments, | improvements in, p. 8. F arther i improvements by Mr. Bird, 
p. 13. Ocker! improvements propoſed, ibid. More improvements by Mr. Ramſden, 
p- 17. Explanation of Mr. Hindley's improvement, p. 19. An ĩneh capable of being 


divided into 60,000 parts, p. 24. Propoſed improvements by Mr, Smeaton, p. 31. 
3 805 


e bes f for — the n at Calabria and at Meſſina 6 fits 15 


deen occaſioned by à volcanic eruption at the bottom of the ſea, p. 380. 
Electrical Fiſh, account of a new one, p. 382. 


| Elliot, Fohi, Obſervations on the Aſfinities of Subſtances in Spirit of ike, p- 15 5 | 


Euler, Profs Hr, made uſe of approximations in reſolving problems, p. 93. 


ye, the retina proved to confiſt of fibres, p. 316. Retina and 'mutcles governed by i 


fnmilar laws, ibid. Perſons ſometimes ſuppoſe defects in their eyes only from 


obſerving ſpectra, p. 318. Danger of inſpecting very luminous objects too long a 
time, p. 332. Inveſtigation of the cauſe of that indiſtinctneſs which has been 
aſcribed to the ſmallneſs of the optic pencil, p. 500. Experiments With * * 


Je, p. $610 ung experiments with the eye, p. 502. 
F. 


— . deſcription of the ſextant invented by him, . 3. Deſeripton of bis 
mural arc, p. 5. 

Flaents, a new method of finding chem dy continuation, p 432. Its utility manifett to 
Sir Iſaac Newton, p. 441. 1 

Freezing Mixtures, experiments at 6 Hudſon's-Bay, relative to, p. 241. 


Experiments with ſpirit of nitre and ſnow, p- 242. Experiments on the common and 


dephlogiſticated acids of nitre, p. 247. Experiments on the phænomena obſerved on 
mixing ſnow with theſe aids, p. 254. Experiments on the vitriolic acid, p. 263. 
Experiments on the mixture of oil of vitriol and aol of nitre, p. 269. Experi- 
ments on z the ſpirit of wor; p. 269. 
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n, Account of ſome, which cooled in baſaltic forms, p. 373. AL A : 
"Gold Shells, fo called, nnn ochineal in its. 


. pups ſtare, p. 168. N | 
Gebiete, John, A Series of Obſervations on, and a Peter of the Period of, the.” 
Variations of Light of the Star marked d by Bayer, near the Head of Cepheus, p. 48. 
the loſs which aſtrogomy will receive from his death, p. 44. 
Graduations, i improvements in, by Mr. Ramſden, Pe 17. Further improvements by : 
Henry Hindley, p. 19- Propoſed improvements by Mr. Smeaton, — 
Graham, Mr. improvements in the mural * p. 10. Compleres * 
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Hamilton, Sir William, Particulars of the preſent 1 of Mount Veſuvius, with a 
Jaupney into the Province of Abruazo, and a Voyage to the Iſland of Pranks 
p. 365. With the aſſiſtance of Father Piaggi kept a journal of the operations. of 

Viekluvius from Auguſt 1779 to the preſent time, p. 366. 8 

| Harrogate, Obſervation on the ſulphur welle there, p. 171. Only three wells in 

17333 the fourch made about forty years ago, p. ibid. Several other ſulphureous 

ſprings there, p. 172. Salt recommended to be added to the water for bathing, p- 

175. Temperature of the ſpringa, ibid. All che ſprings impregnated with common 

dale. P- 377+ Medium quantity of falt about two ounces to. the gallon, p. 178. 

periments on the ſulphureous impregnation af theſe en, Þ 

179. | The water ſprings out of Shale, p. 1872. 

Hit, new experiments upon, . 273. Conducted in Wien 38 the eleSrig 

fluid, p. 274- Atmoſpheric air a better conductor of heat than the Torricellian 

vacuum, p. 286. Deſcription of the inſtruments made uſe of, p. 274. 278. 287. 

| Experiments on the conducting power of moiſt air, p. 294. Experiments with air 

of different denſities, p. 298. Experiments on the conducting powers of water and 

af mercury, p. 301. Table of the conducting powers of the various experiments, 

p. 303. Additional obſervations on making a thermometer for meaſuring the Ld 

degrees of, p. 390. 

Helix, Deſcription of a new-diſcovered Britiſh well, called the Fountain Helix, p. ; 

165. The tender prickly Helix, p. 166. 

Hegatic Air, experiments on, p. 118. What are its properties, ibid. General characters 
of, p. 127. The action of hepatic and other atrial fluids on each other, p. 130. 
The action of hepatic air, and acid, alkaline and inflammable liquid, on each other, 

p- 137. The properties of water ſaturated with It, p. 141. The properties of alka- 
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hepatic air, p. 1 50. Firſt diſcovered · Ey Profeſſor Bergman, p. 180. 
Herſchel, Pr. William, Catalogue of One Thouſand new Nebulz and Cluſtery of Stars, p. 


© 457+ Jaffruments uſed by him in making the obſervations, p. 457. His method of 


8 making obſervations, p. 458. Inveſtigation of the Cauſe of chat IndiftinAineſs of 
Viſion which has been aſcribed to the Smallneſs of the Optic Pencil, P. 500. HEY 


ele, the pains he took in dividing circles, p. 2. 
Hadley, Henry, explanation of his method of dividing circles into any . 


method, p. 25. Propoſed improvements to his method, p. 31. 
Hook, Dr. — LOO P-. 2. 


L 
Indians of North America, — relative to their nature and cuſtoms, p. 229. 
Enquiry into their ſuppoſed want of beard, ibid. Pluck out their beards, p. 230. 
Colonel Butler's opinion on that ſubject, p. 231. Captain Brant's opinion, p. 232, 
Indians of the Six Nations, divided into the Turtle-tribe, the Wolf-ribe, and the Bear 
tribe, p. 233. The Chief or Sachem of each tribe hereditary in the family, but 
appointed by the chief who dies, ibid. "The chief warriors hereditary, p. 234. 
| Have great women as well as great men, . — ibid. Their 
friendſhips, ibid. 
Infinite Series, Dr. Waring WTO p- 81. 


ments by Mr. Smeaton, p. 31. 
Introfuſception, . p. 308. 
- fron, ſmall quantities of, in other metals may be the cauſe of their afſefing the needle, 


p- 62. 
Jebia, iſland of, — of beillog weir in the fin, near, p. 370. 


 Fapiter, obſervations of his firſt — from June 3, 1782, to Dec. 2, 755. 1 


oP 211. 
Kk. 


 Keddleftone- Water (Derbyſhire), may be rendered fimilar to Harrogate by diſſolving 
common falt in it, p. 178. 
King, Edward, Account of a Subſidence of the ground near ir Folkſtone, p· 220. 


Kirwan, Richard, Experiments on Hepatic Air, p. 118. 


L. 
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The fine-ringed Turbo, p. 167, The oblong freu vater Patella, . 68. 

Liver of Sulphur, how made, p- 121. K. Fs 

jw, a recommendation of the method of determining the ee of 15 by 
| obſervations of the Moon's tranſit over the meridian; p. 409. . 
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| be ſuppoſed to be the cauſe of their effeQing the needle, ibid. - Experiments with 
Turkey lobe and nickel, p. 63. Method of hanging needles for the purpoſe of 
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copper, p. 72. Experiments on zinc, ibid. Experiments on latina, Pe 73. Ob- 


ſervatious on the declination of the needle, p. 424. 

 Magni Hing Ohjeds, a new method of, p. 346. 
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mortality, p. 351 From growing to 2 larger ſize iz ubero, p- 352. From the 
diſeaſes of great towns, p-. 353. Lan 


© Maſtehne, Dr. improvements made in the ich ſeQtor by Mw, p. 12. N * 


the expected Return of the Comet of 1532 and 1661 in the Year 1788, p. 426. 


Marius, his villa near Arpino, in the province of A converted into a convent 


of the order of La Trappe, p. 369. | _ 

Mercury, experiments on its power of conducting heat, p. 301. 19525 8 

Mercury (Planes). obſervationę on his tranſit over the ſun's diſk, May 3, 1786, at Lou- 
vain, in the Auſtrian Netherlands, by N. Figott, P» 384. 1 

y E. Pigott, p. 389. 

Meridian, method of finding the Aer between Greenwich and Vork, p. 410. 

NM. ina, note of the preſent {tate of, reſpecting the earthquakes, p- 380. , 

_ Metals, the properties of ſome metallic ſubſtances with reſpect to magnetiſm, p. 62. 

Moon, Obſervation of the eclipſe of the moon, Sept. 10, 1783, at York and Paris, p. 
415+, - Hints for the more exact obſervation of eclipſes of the moon, p. 416, | 

Mooring Rock, reaſons for its being totally forgotten, p. 22 23. 
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mixtures, p. 241» 
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Patella, p. 168. 
Paterſon, William, account of © new elefirical Sid, p. 392. 
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„ Pr Arabam, (ſervant to Mr. Flamſieed) encomiums on him, p. 5. An excellent | 
maker of mathematical inſtruments both in wood and braſs, p. 7. 
bell, deſcription of ſome minute Britiſh/ ſhells, p. 160. The freſh-water Nauritus, | 
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= vations on f Leonie, ibid. Obſervations on J Lequis, ibid. Obſervations on 
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| Objections to Mr. Sackette's account of a fimilar phenomenon, ** 
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Sulphur, Liver of, how made, p. 114. 
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Thermometer, regiſter of, in 1785, SACS Mak ar ad e ebiie. 
vation on making a thermometer for meaſuring the higher degrees of heat, p. 390. 


The difficulty of obtaining clays of the ſame thermometrical propentha, p. 398. 
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Wann, Sir Benjamin, New Experiments upon Heat, p. 23. „ 


Norxicullian Vacuum, experiments with, upon heat, p. 274. DirAions fr ming p- 
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Turbo, deſcription of a newly diſcovered Britiſh _ called the fine-ringed Turbo, 
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Weather, obſervations on, in 1785, p. 237. On the variations of ſeaſons, p. 238, 
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Zenith Sector, completed by Mr. Graham, 1727, p- 11. [Improvement in, by Dr. 
" e * 12. 

Zine, magnetical experiments on, Þ 7% 


bs. 
' FROM THE PRESS OF J. NICHOLS. 
* | | 


8 che ſeries ſhould ſtand thus: E 
Leu +7 . + 3. 22, 2; 4.4 — 18 29 


14 75 5 +4 -1 3,1 2' 5 7 12" 19 F DN 


oer xx, ranfal 1 


301. 3. from the bottom, for 364 read 40 „% 
302. 2. for 362 read 40 „„ | 
— 3. for 313 read 342 , | 


304. 6. for 313 read 342. 


A: . ; 


